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I. Іхтворостом. 


Since Goddard (1) and Davenport and Weekes (8) published their analyses 
of families containing mental defectives there have been numerous 
attempts to discover genetic causes of mental deficiency by studying 
pedigrees (З). In a recent investigation Sjögren (4) has attempted to analyse 
the heredity of a fairly large group of cases with similar characteristics. 
The subject is beset'by many difficulties, one of the most prominent of 
these being that there are such a great number of different types of mental 
defect that it is not easy to collect together for study a large group of 
cases which are definitely of one single type. Any inferences about 
the genetics of mental deficiency made without subdivision into the 
different types must necessarily be of very limited value. / 

In'the present instance the data are derived from a hundred families 
which have been selected by the presence of at least one son or daughter 
who is mentally defective. The cases, through whom the families were 
selected, are all patients in the Royal Eastern Counties’ Institution, and 
they were carefully chosen so as to exclude all individuals in whom 

J. of Psych. xxiv. 1 I -l 


+ 


2 4 Study in the Inheritance of Intelligence 


secondary causes of mental deficiency might be supposed to have been 
operative. In addition to this, all specific types of defectives were ex- 
cluded, such as mongols, microcephalics, epileptics, psychotics, cretins 
and neurological cases. Also those families were excluded in which con- 
genital syphilis was suspected. The residual group of patients that is 
left may be termed the’ subcultural type. This type is not really a 
single entity: it is a collection of persons who are healthy, apparently . 
sound neurologically and not suffering from any definite psychosis, but 
who lack intelligence. According to E. O. Lewis (5) their mental measure 
is to be regarded as forming the lower part of the normal frequency 
distribution curve of intelligence. 

, The families of these patients were, in every case, personally visited, 
often several times. The parents were interviewed and other relatives also 
visited if necessary. Official reports made by the local Voluntary Associa- 
tions were consulted in every case. Relieving officers, clergymen. and 
doctors were applied to for information in a great many instances. 

The study described in the present paper is to be regarded as merely 

preliminary to more intensive investigation of greater numbers. It has. 
вА serious drawback, namely, that the intelligence of the parente and sibs 
of defectives, in the great majority of cases, was only assessed roughly and 
not measured by standardized tests. The average 1.9. of 103 mentally de- 
fective persons in these families, who were actually tested by standardized 
tests, was 49-9 + 18-7. The Stanford-Binet scale was used and the divisor 
for adults was taken to be 14 years. The mentality of the remaining 
members of the families was judged by personal interview, the opinions 
of their friends, schoolmasters’ and doctors’ reports, as well as by con- 
‘sideration’ of general social ability. The following four classes were used, 
and the total number of persons (parents and children) classified in this 


way was 595: Approximate 
š Arbitrary class LQ. 
1. Superior intelligence ° 125 
2. Normal intelligence -100 
3. Dull А 75 
4, Mentally defective 50 


Naturally a large number of children were of unknown mentality, but 
only families with parents of known mentality were included. As far.as 
possible the standards were the same for parents and children, The precise 
relationship, however, between intelligence of parents and children, in such 
a study as this, cannot be ascertained until either there are standardized 
intelligence tests available for adults or until children already tested 
have grown up and had offspring. It must be remembered throughout, in 
the consideration of the subsequent figures, that these classes are only 
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a makeshift. They grade into one another and probably quite often over- 
lap, but they give & general idea of the relationship of intelligence of 
children to their parents ahd to one another. 

An analysis of faots discovered in studying the 100 families now 
follows, the object of which is to obtain information concerning the parts 
played by environment and heey in determining intelligence. 


IL. Size OF THE FAMILY AND ORDER OF BIRTH. 


. It has often been suggested that the size of the family is inversely 
‘proportional to the intelligence of the parents and a great deal has been 
said about the disproportionate propagation of persons of a low mem 
tality. The crude average size of the family discovered here, judged by 
the number of pregnancies, is 6-0 and would suggest the possible truth- 
of these suppositions. On the other hand, the criticism which Greenwood 
and Yule(6) applied to Pearson's data concerning tuberculous families, 
and other similar data, applies to-this crude figure. The correct estimate 
of the size of the family can only be obtained by taking into consideration 
the fact that large families are more likely to be noticed when selection 
is being made by the presence of at least one affected member. The 
&verage size of the family, when corrected by Yule's method, is the 
total number of children divided by the expected proportion of first 
born, as calculated in the “place i in family” table (see Table I). The value 
is 150/39- :9, б.е. 3-7, which is certainly by no means abnormally large; 
seeing that it includes nearly 10 per cent. of miscarriages. . 


: I "Table I. 
` | Order -Size of sibship . Total 


° 
=S 
É 
B 
ë 


'2 8 4 6 6 7-8 9 10 11+ 
1 105 23 6 8 4 3/1. . 1] . 1 85 39-9 
$ 4 7T 5 5 2 1 . 1 3 298 249 
3 . 4 8 2 7 2 . 1 . 23 9 21-9 
4 . 5B 223 1 27. 10 3 17 16-6 
5 . oe, 2. Bs. 1. . 2-1 2 DH 12-6 
6 a> . 1 59 1 1 I 2 8. 96 
1 PC S eo we yc] 0467597 - 084 
8 bx udi. 6€ 4 6 -5l 
‚9 Wr mv ie др mos. qo C 24 6 4-0 
10 M ME E . . 2 8 5 31 
TI: „жоор e$t ut u.c 2 ла- жо ST 7 6-8 
Total 15 6 16 16 15 19 9 9 8 9 38 15 1499 


, 


_ The expectation is calculated as follows: 


It N, be the number of only children, N, the number of affected ohildren in sibships 
of 2, N, the number of affected children in sibships of z, the expected number of rth born 


ohiläron is (25 z), where k is the size of the largest sibahip, 
1-9 
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Shrubsall (7) showed, by the analysis of the order of birth of a thousand 
mentally defeétive children, that defective offspring were more likely to 
come late in the family than early. The present data show a similar effect. 
In the whole series of families there seems to be a slight tendency for the 
less intelligent children to be born late. An important check on this con- 
clusion is obtained by comparing the different proportions of normal and 
affected children born at different maternal ages. This comparison has 
been made, and the result is shown in Table II. All pregnancies have 
been counted in 94 families where the maternal age was known accurately. 
A slight, but definite, rise of the proportion of defective children accom- 
panies increasing maternal age: the significance of this effect is, however, 
somewhat diminished by the varying numbers of pregnancies of unknown 
mental outcome in different maternal age groups. Even allowing for this, 
though, the children born before the maternal age of 25 have a distinct 
advantage in mental ability over those born after the age of 35. 


Table T. 
Mentality of Maternal age at birth of offspring (94 families). 
Children Below 35 
25 years 25-29 years 30-34 years and above 
—— (T ——À 
% % % % 
Normal 50 42 5l 33 39 29 5l 31 
Dull 10 8 12 8 13 10 20 12 
Mentally defective, | 23 19 34 22 36 26 46 28 
Unknown 36 30 56 37 48 35 47 29 


Total 119 168 136 104 


III. Home coNDITIONS. 


As might be expected, many of the homes of the families which pro- 
duce subcultural mental defectives are of a low social grade. One would 
not imagine that mentally defective parents would take much trouble to 
keep their homes very clean, and poverty may be the result of low in- 
telligence as well as a possible cause of it. Two scales of rating were used 
to describe the home conditions, (a) the number of rooms per person 
living in the home, and (6) a classification of general management based 
on estimates òf cleanliness, order and comfort. For the latter classifica- 
tion the following five standards were used: — 

(A) Very good. 

B) Good average. 

(C) Average. 

(D) Poor average. 

(E) Bad. 
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No homes # ЫЕ to be classed under (А) were diseovered, but this 
is not unnatural, since institutional life is unnecessary for M living 
under the best conditions. 

(a) The distribution of the criterion of rooms per person among the 
families with different types of parents is shown in Table IIT. 


Table ПТ. 

No.of . Type Less than One or 
one room more rooms 
per person per person 

34 Parents both normal 11 23 

6 Parents both defective 4 2 
53 Yather normal 19 34 
21 Father dull 9 12 

8 Father mentally defeotive 4 4 
41 Mother normal 16 25 
19 Mother dull 7 12 
22 Mother mentally defeotive 9 13 


The average number of rooms per person in these families works 
out at 1-22, a figure intermediate between figures found for areas from 
which most of the patiente are drawn. The 1921 Census gave figures of 
1:09 for Essex and 1-29-1-34 for Suffolk. Although there is little indi- 
cation of these families being abnormal socially, judged by this criterion, 
we must not forget that many of them may have had their home con- 
ditions considerably improved as a result of the attention given to them 
by social workers and local authorities. More important here than the : 
absolute number of rooms per person is the relative tendency to over- 

crowding which occurs when the parents are of low mentality. The size 
‘of the home-is, moreover, closely related to the mentality of the father 
and hardly dependent at all on the mentality of the mother. Since the 
criterion of rooms per person is an economic one, this result is to be 
expected, as the father is usually the wage earner. 

(b) The grouping of different types of home for different types of 
parents also showed the importance of parental intelligence. If the 
standards (A) to (E) are given the numerical values of 4 to 0, the average · 
markings for different types of families are as shown in Table IV. 


Table IV. , 
Type of family No. of Average mark- 
families ing for home 
conditions 
Theoretical average family — 2-00 
Parents both normal ` 41 1-88 
Intermediate parental grades 43 0-86 
Parents both mentally defective 7 0-43 
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The correlation between mentality of father and home conditions 
was 0/25—slightly below that between mother and home conditions, 
which was 0-32. This result, though the converge of that obtained for the 
rooms per person criterion, is also to be expected. The management of 
the home depends more on the mother’s mentality than on the father’s. 
These two criteria, although only giving results which would be given by 
the application of common sense, are useful in that they check the esti- 
mate of mentality of the parents which has been made. Had the results of 
these home condition investigations turned out otherwise, one would have 
suspected that there was something wrong in the estimates of parental 
mentality. 

A correlation of 0-17 was found for intelligence of sons and home con- 
ditions, and the corresponding value for daughters was 0-22. By the un- 
critical application of statistical formulae to eliminate the effect of parents 
on home conditions and on the mentality of children, partial correlations 
of the order of 0-09 are found for intelligence of children and home con- 
ditions. It would, however, be rash to infer from this low value, without 
much further enquiry, that the effect of varying home conditions on the 
intelligence of children is insignificant. 


IV. THE PROPORTION OF DEFECTIVES IN FAMILIES BORN TO 
DIFFERENT TYPES OF PARENTS. 


Table V summarizes the data collected concerning the relative men- 
tality of parents and children. The crude statement of the proportion of 
defectives found in different classes of families, gathered directly from 
the table, has little immediate significance because each family contains 
at least one defective. But it is clear from casual observation of the 
number of normal children born to different types of parents that 
parental mentality and filial mentality are closely related to one another. 
It is equally clear that no simple hypothesis of Mendelian inheritance is 
going to describe the results with accuracy. For example, a single domi- 
nant gene is ruled out by the fact that so many defectives have normal 
parents. Further, the very low incidence of defectives in families where 
both parents are normal rules out a single recessive gene. Among the 
143 brothers and sisters of patients whose parents were both normal, 
only 4 were defective and 13 dull, and these were, to some extent, counter- 
balanced by 7 children who had won scholarships for secondary schools. 

The simplest explanation accounting approximately for these figures on 
Mendelian lines is the assumption of an intermediate type of inheritance 
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Table V. Analysts of 100 families containing mental 


defectives of the subcultural type. 
Father ` . Normal - -- Normal ` - Normal 
Mother Normal ' Dull Mentally defective 
No. of families `4 ' 10 12 
Expected . ,, Expeoted 
Children Observed (р=0) Observed (p=0) Observed (p=0) 
Superior 7 (0) = — Ки SAM 
Normal 119 (143) 17 (16-5) 11 (0 
Dull 13 (0. ;. _ .13 + (165) 14 (38 
Defeotive 49 (45 -— ^-:18- (100) 20 (12) 
Total 188. .. . 48. 2114 45 
Father Dp |. | Doll рш . 
Mother Normal 5 Dull Mentally defective 
No. of families. 8. g 9 7 
' Expected _ ` Expected Expeoted ^ 
Children Observed (p=0) 'Observed (p=}) Observed  (p—i) 
Superior ^ — ` — —— p n = 
Normal 19 (1899) ^. 8 .(T8- , — (0-0) 
Dull “7 ao S 12 15-6) 1 (7-3 
Defective 11 (8-0 Š Yo 13-8) 18: . (11-7 
Total 37 Е i ‚871 : 19 : 
Father Mentally defective | ' Mentally defective Mentally defective 
Mother Normal Dull Mentally defective 
No. of families 0 š хр q 44 
Children Observed (p=0) - Observed (p=4) Observed (p=1) 
Superior — — == ЕЕЕ -= = 
Normal = = == (0-0) 1 (0 
Dull = = y sum (1-3) 3 (0 
Defective — = 4 (2-7) 18 (22) 
Total — T 4 22 
Total children Observed Expected 
Superior sy EE (0-0) 
Normal 175 š (181-9) 
Dull ` 63 (90-0 
Defective 150 — . (1293) 


of mental defect in which the heterozygote or “cartier” is recognizable 
as a dull person. The genotypes would then be as follows: : 


Normal ` :АА 
Dull . . :ABor ВА . 
Mentally defective’: BB. 


Expectations can be worked out on this assumption by the applica- 
tion of any method which allows for the circumstance that at least one 
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member in each fraternity is affected. The most satisfactory way of doing 
this is by use of the following formula for the expected number of affected 
offspring in such faniilies(8). 

Where р is the probability that an offspring is affected ima given: 
family and n, is the number of s-membered fraternities each containing 
at least one affected member, the expected number of affected persons, 
termed r,, has the Value ” 


р.Ул,. ы 


1—(1— p)" 


The expected relative proportions of the remaining members of the 
fraternity, on whatever genetic hypothesis is chosen, will be unaltered, 
though their total number is relatively oe Thus, in the case of 


parents both heterozygous, I2m,1— —711 —3y — y of the children will be 


affected, two-thirds of the remainder pede &nd one-third of 
the remainder normal, the proportion of heterozygous to normal being 
still 2:1. In the limiting case where p > 0, the incidence of affected 
offspring approaches nil, and the above formula approaches the limiting 
' value Zm,.1/s for the expected number of affected persons which equals 
the total number of families observed —4.e. in each family selected, only 
one should be affected. 

The values of the expectations obtained by this method are given in 
brackets after the observed totals in Table V. The comparison of the 
crude figures with these expectations reveals a general approximate, but 
nowhere exact, agreement. Taking the totals of normal and superior 
together, the resulting value is very close to the expectation for normal, 
and, similarly, the sum of the dull and defective children is close to the 
sum of their expectations. When we remember how difficult it is to dis- 
tinguish between dull and defective without actual testing and, indeed, 
even with the aid of tests, this discrepancy between expectation and 
observation seems less important. On the other hand there is a quite 
definite scattering of observed values on either side of the expeoted 
values. А. scattering of this kind, which retains а general tendency to 
agreement with these expected values, could be produced if the condition 
which was being studied were the result of a number of alternative ad- 
ditive factors. This supposition has been used by Fisher (9) to explain the 
inheritance of physical stature. Mental stature may be subject to the 
same kind of additive multifactorial inheritance. 
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` > V; ; "Тнк STATUS OF PARENTS IN RESPEOT OF INTELLIGENOK. 


` Inthe present series of families quite à considerable number of parents 
"are defective and in seven cases both parents are of this grade. It cannot 
be: too strongly emphasized that this percentage is much higher than 
would be. found if mental defectives of all types had been grouped to- 
gether. The high percentage of defective parents is characteristic of this 
particular class of patients, and nearly all the mental defectives of other 
types have normal parents. Furthermore, it must be remembered that 
defective parents have a much greater proportion of their offspring 
affected than normal parents and they are, therefore, ‘very much more 
likely to come under observation than normal parents. The figures have, 
therefore, no direct relation to the actual frequency of such unions, On 
the other hand, there is strong evidence that unions between parents of 
like mentality are more frequent than they should be if mating between 
parents of different mental grades took place entirely at random. The 
correlation table connecting the mentality of parents with one another 
is as follows: 


Father 
Normal Dall Mentally defective 
ormal 45 8 0 
Mother Dull 10 9 2 
Mentally defective 12 7 7 


The value of r is + 0-44, showing that a very considerable degree of 
likeness exists between father and mother in respect of mental grade. In 
particular, there is no example of a mentally defective father mating with 
& normal mother. Either for psychological or economic reasons, such 
unions are rare. The complementary type of union, where a defective 
woman has a husband of normal intelligence, is comparatively common. 
One often finds, however, that the father in such families is of neurotic 
character or otherwise mentally deranged: but whether this is ‘the cause 
or the effect of the union is uncertain. 

The interest of the inter-parental positive correlation does not cease 
here, for, in evaluating the importance of likenesses found between 
parents and children and between siblings themselves, assortative mating 
between parents is of considerable significance. Supposing the frequen- 
cies of the different types of parents are subject to a modification, by like 
persons mating with like, to the extent that the correlation between 
parents is À in respect of a given quality, it can easily be shown alge- 
f Draically that for conditions where the heterozygote is intermediate, the 
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r (2+ 4)": 
inter-correlation between siblings should bel d The limiting values 


correlation between parent and child should be and the 


of these expressions, when A = 1, are respectively 0-82.and 0-67. "Thus 
when a parent-child or fraternal correlation in a group of persons is found 
to be greater than 0-50, it is not wise to assume, as has sometimes been 
done, that this effect is due to environmental influence causing in- 
creased likeness. It may be due to inter-parental correlation. It is quite 
possible that a fairly strong degree of likeness of intelligence may exist 
among normal parents in the general population. For instance, when 
Thorndike (10) found that the correlation for intelligence of siblings in 
American families was 0-60, he considered it indicative of environmental 
effects. But, since Willoughby 1) demonstrated that an average correla- 
tion of 0-44 existed between parents for mental tests and higher correla- 
tions have been found by Jones (12), one must accept 0-60 as a very likely. 
value for the correlation between sibs of mental characters due entirely 
to heredity. 

In the present instance the crude parent-child ИОД. found by 
simply taking all pairs of parents and children, regardless of sex, works 
out at 0-36. But we cannot conclude that this is even in approximate 
agreement with the value of 0-50, given by Fisher and Pearson, which 
would be expected if the likeness were hereditarily determined. With an 
inter-parental correlation of 0-44, the expected value of 0-50 for the 
parent-child relation must be raised to 0-65. It will be seen that the value 
obtained in the present investigation falls considerably short of expecta- 
tion. Such a discrepancy is the kind of effect which would be produced if 
environmental—‘secondary’—causes of mental deficiency were operating 
to make children less like the parents than they would be if heredity alone 
were responsible. 

A methodological source of error in interpreting here the observed 
value of the correlation between parents and offspring is the circumstance 
that only families with at least one affected child are included. The correc- 
tion for this factor tends to lower the expected correlation, but no ac- 
curate new value can be assigned since the expectation i in this contingency 
is a function of the gene frequency as well as of the size of the family. We 
can be confident, however, that this consideration counterbalances, to a 
considerable extent, the raising of the "ршен correlation by the ob- 
served assortative mating of the parents. 


И, ` 


aor 
; ' 
Pod 


poe 


L. S. PENROSE Д 11 


VI. EXAMINATION FOR SEX-LINKED INHERITANCE. 


On reference to the analytical table which summarizes the number of 
children born to different types of parents, it will be found that the excess 
of defectives above the expectations given is somewhat greater when the 
mother is of low mentality than when the father is of low mentality. Thus 
it looks as though the association of the mentality of the offspring with 
that of the mother was greater than with that of the father. A similar 
effect was noticed by Goddard (01), pp. 553-4) and examined critically 
but unconvincingly by Rosanoff(13). In order to find whether it may be 
due to the operation of sex-linked factors, the sexes must be sorted out 
and compared with the parents separately. In the present series of 
families (see Appendix, p. 16), the crude correlations—taking simply all 
pairs of parents and children in each group—have the observed values 
which are shown in Table VI. 


Table VI. . Parent-child correlation values (heterozygote tntermedtate)}. 


Expected 
os Total no. 
Relationship (Autosomal) (Sex-hnked) Observed of pairs 
Father-son 0-50 0-00 0-25 188 
Mother-daughter- - - 0450 -- -- - 0-50 0-42 207 
Mother-son . 0-50 0-71 0-38: 188 
Father-daughter _ 0-50 0-71 0-40 ` 207 


Comparison with the expected values of the correlations for autosomal 
,and sex-linked inheritance of the intermediate type show that the results 


` are suggestive of the operation of sex-linked factors, without, however, 


being at all conclusive. The mother-child correlations are somewhat 
higher than the corresponding father-child correlations and this may be 
due either to the more intimate association of young children with the 
mother or to doubtful paternity. | 

Another way of testing for sex-linked factors is to measure the likeness 
between brothers and sisters. With sex-linked inheritance the likeness 
between sisters should be closer than that between brothers, and both 
these likenesses should be greater than the similarity between brothers 
&nd sisters. Taking, in turn, all the pairs of brothers, sisters, and brother 
and sister in the 100 families, correlations for intelligence having the 
values.0-18, 0-14. and 0-15 respectively: are obtained. The low values of 
these coefficients are partly due to the fact that the fraternities are all 
selected as the result of the presence of at least one mentally defective 


1 Cf. Hogbenao. 
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member. There ів по signifioant difference between their relative magni- 
tudes. There is, however, some doubt as to how far the ordinary methods 
of correlation are applicable to these brothers and sisters. They &re not 
picked out at random from a large sample, but whole fraternities are 
considered. Let us examine in detail the method of obtaining these 
coefficients. s 

If, in a given fraternity, z, y, z and w are the number of brothers in 
each of the four classes, superior, normal, dull and defective, and if 2’, y', 
` Z, w are the number of sisters in these classes, then the number of pairs 
of various types can be shown thus: 


Brothers 
и 
Варегіог Normal Dull Mentally defective 
up z(r-1) ту xz zw 
ormal yz y (y -1) yw 
Brothers s zx zy z (z E zw 
Mentally defeotive toz wy wz tp (to — 1) 


Tables like this are made out for each family and when they are all added 
together the total number of pairs of brothers of each type is found. The 
table for sisters will be exactly similar, but that for brothers and sisters 
will be as follows: ` 


Bisters 
се s r—  [DPVHVN 
‘ Superior Normal Dull Mentally defeotive 
| Superior == КА = n 
Normal yz 
Brothers Dull zx zy = zw' 
(Mentally defeotive wa’ wy шг ww 


Now, it is clear that if, for example, z = z”, that is to say, there are, in 
a family, an equal number of brothers and sisters of one type, the number 
of like pairs of brothers is less than the number of corresponding like pairs 
of brothers-sisters, for z (z— 1) < 2°. Hence, we should expect the 
method to give values of the brother-brother and sister-sister correla- 
tions too low in comparison to the brother-sister correlation. To correct 
this discrepancy, every brother can be regarded as being the brother of 
himself, and, in view of the way the correlations for siblings are calculated 
theoretically, this seems correct. The table giving the number of pairs of 
brothers (or sisters) of each type then becomes: 


Brothers 
— SOS 
Superior Normal Dull Mentally defective 
pope zi zy xz 20 
ormal yz y yz yw 
Brothers Dull = zy 2 "i 
Mentally defective wr wy wz w? 
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which is strictly comparable with the brother-sister table. The families 
can also be weighted, by dividing each table by its total sum, во as to 
make them all of unit size, but this manipulation has very little effect 
on the final values of the correlations and neglects the fact that large 
families are much more important than small ones. 

The effect of counting each person as a like-brother (or sister) of him- 
self in the data considered here is to raise the brother-brother and sister- 
sister correlations, as shown in Table VII. Only sibships of at least two 
known members were included in the data from which these revised 
correlations were derived. 


Table VII. Fraternal correlations (heterozygote intermediate). 


Expected 
—Ə 
Relationship ^` (Autosomal) (Sex-linked) „Observed 
Brother-sister 0-50 0-35 0-15 
Brother- brother 0-50 0-50 0-44 
Sister-sister 0-50 0-75 0-37 


These figures are quite Buggestive of the operation of sex-linked 
factors, but objections which might be made to the method of obtaining 
them have to be taken into account before any inferences can be drawn 
from them. 

On general grounds it на be considered that sex-linked factors 
are very likely to be found in examining the genetics of the subcultural 
group of mental defectives, since the chances are that they would only 


“form one twenty-fourth of the multiple hereditary factors which may be 


responsible. Against this argument, i$ may be pointed out that there are 
suggestions of the existence of differential assortative mating of parents 
with respect to mentality, for defective males and normal females do 
not seem to mate. A circumstance of this kind persisting through a long 
series of generationi would.tend to accentuate the effects of sex-linked 
factors. 


VII. бошойт. 


Goddard considered mental defect to be inherited as a single Mendelian 
recessive trait. When a recessive trait is very rare an extremely useful 
test is given by the proportion of parents having affected offspring who 
are consanguineous. According to Lenz(5) and others, if a is the inci- 
dence of first cousin marriages in the general population and p? the in- 
cidence of the recessively determined character, the incidence of first 


cousin marriages among parents with affected offspring is ari 
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the present instance, 5 per cent. of the parents are first cousins and we 
may take 0-8 per cent. as the normal incidence of first cousin marriages. 
If the trait we are examining only presented itself in one in every 10,000 
of the general population, 5 per cent. of consanguineous parents would 
be the expected value. Butsubcultural mental deficiency is very common: 
its incidence is probably at least 1/400. The incidence of mental deficiency 


in the general population is nearly 1 per cent., and the subcultural group: 


form something like one-quarter of all mental defectives. Therefore a 
significant excess of consanguineous parents would not be expected, were 
it determined by a single recessive gene. We must look elsewhere for the 
explanation of the high proportion of first cousin marriages among these 
parents!, Either we have struck some rare recessive trait which is acting 
as one of the alternative hereditary factors in certain cases, or else here 
is just another example of the tendency of like to mate with like in these 
families. 


VIII. CONCLUDING REMARKS. 


The study which has been described in this paper forms part of the 
research scheme which is in progress at the Royal Eastern Counties’ In- 
stitution under the auspices of Ње Medickl Research Council and the 
Darwin Trust. А very large amount of the family investigation, on which 
these results are based, was carried out by Miss D. Newlyn, and my thanks 
are due to her for careful and accurate work. As previously stated, this 
study is only a preliminary piece of research. The conclusions may be 
summarized as follows. 

The relationship of intelligence of children to that of their parents and 
to one another has been studied in 100 families containing subcultural 
mental defectives. The likenesses found can be roughly accounted for by 
the assumption of alternative additive Mendelian genetic factors, a 
noticeable proportion of which are sex-linked. 

Although cases have.beén excluded from the survey in which there 
was any suggestion of secondary causes of mental deficiency, environ- 
mental factors may yet have been present which tended to alter the in- 
telligence of the persons studied. Bad home conditions are connected 


with low intelligence of parents, but there is little evidence that the bad ' 


conditions by themselves cause low mentality in the children. On the 
other hand, the effect of age and parity of the mother on the intelligence 
of ше child seems likely to be of importance. 


1 A similar effect was noticed by Bjógrento. 
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APPENDIX. 


In the following list of 100 families, N denotes normal intelligence, 
D denotes dull and M denotes mentally defective, + indicates supertor 
intelligence, an asterisk signifies that the parents are first cousins. 

Out of the 597 children in these families, 202 individuals were of un- 
known mental capacity; 61 of these unknowns were miscarriages or still- 
births, 66 died in infancy, 10 were alive but too young to test, 52 were 
adults alive but not traced and 13 were adults who had died. 


Father N N N 

Mother N D M 

Sons + р 2° А А 
N 58 7 5 

D 9 8 6 

M 25 5 1l 

Daughters + 5 . . 
`N 61 10 6 

D 4 5 8 

M 24 8 9 

Unknown 85 10 17 
Father D D D 

- Mother N D M 
Sons N 8 7 z 
D 1 4 1 

M 4 8 11 

Daughters N 11 1 + 
р 6 8 а 

M 7 9 7 

Unknown 23 36 13 A 

Father M M M 

Mother N D M 

Sons N 1 
D 1 

M 6 

Daughters № . Б 
D 9 

M 4 12 

Unknown: 3 15 
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Вега |, ————^————, ~ Un- 


number N D M N D M known Total 
126 2 3 1 5 11 
*168 $ 1 2 1 1 А 5 
353 1 А 2 2 5 10 
397 1 3 Р 1 1 6 
227 1 1 1 1 z ¥ 6 10 
311 1 i P 2 1 4 8 
608 2 2 2 1 : 3 7 
391 > А " 2 1 2 3 
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PE 
E ‘ather N 
M dec M] 12 families. 
Sons Daughters 
Serial —— ———a —3À 
number N D M N 
28 1 1 1 1 1 3 
107 ә К 1 А š Е 
200 1 š 1 1 1 1 
240 š 1 1 А 2 1 
563 А š 2 1 . К 
264 1 š $ y . 3 
204 s š à 2 1 
419 д 1 1 1 š х 
523 š 1 1 1 2 
114 . 2 1 1 1 
513 2 š 2 d 3 2 
365 б . i 1 
Yather D А 
ме D} 9 families, 
Sons Daughters 
Serial ———— 
number N D Ħ N D M 
м6 7. 1 3 o 089 i 
96 А Я 1 $ š š 
179 2 i 1 А 1 1 
225 s 1 А » А 1 
322 3 1 1 E 2 1 
548 : : > . 3 
430 2 . à © 1 
628 i 1 H >T 2 a 
314 E 1 z 1 
Father D А 
а. A 7 families, 
Sons Daughters 
i n Oo 
number N D M N D M 
460 . 1 А А š 
644 н 5 . 2 
399 К 1 ç 3 
80 š 1 > Я 
100 І 2 š А 
303 ç 1 5 1 
321 . & 1 
Father М ; 
Mother i No families, 
Father M А 
Mother ji 2 families. 
Sons Daughters 
Serial 
number N D M N D M 
438 z 3 


3 8 
š l 
1 6 
5 10 
1 4 
3 7 
z 1 
1 4 
1 4 
I 5 
2 11 
š 1 
n- 
known Total 
5 18 
А 1 
г 5 
1 8 
9 17 
1 4 
11 14 
8 13 
1 8 
Un- 
known Total 
. 1 
2 9 
4 8 
Я 1 
2 5 
2 4 
3 4 
Un- 
known Total 
8 6 
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281 1 . 2 а 
989 1 1 2 8 
450 1 1 EE 2 
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716 1 ; К 
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TEMPERAMENT TESTS.- IL. TESTS. 
By RAYMOND B. CATTELL. 


> 


L. Clues to the construction of temperament tests (pp. 20-1). 
П. On the nature of perseveration and the tests devised to measure tt (pp. 22-6). 
III. Intercorrelations of old and new perseveration tests (pp. 26-9). 
IV. The relation of perseveration to character and temperament (pp. 29—88). 
V. Tests of speed, oscillation, intelligence, physique and the psychogalvante re- 
Лех related to the ‘ce’, ‘w, ‘a’ and ‘m’ temperament and character factors 
(рр. 38-45). 
· VI. Some problems for further research (pp. 45-7). 
ҮП. Summary (pp. 41-8). 
References (p. 49). 


I. CLUES TO THE CONSTRUCTION OF TEMPERAMENT TESTS, 


IN a previous paper (5) I have examined evidence which shows that, to a 
first analysis of character and temperament qualities, two broad patterns 
or types are revealed. These depend on a general character factor ‘w’ 
and a general temperament factor ‘c.’ The type possessing a high degree 
of ‘c’ I have called the Surgent temperament and the opposite type the 
Desurgent temperament, since no temperament types yet named seem 
to fit adequately the.patterns established through these experimental 
enquiries. The surgent temperament is characterized by high cheerfulness, 
sociability, quickness of apprehension, impulsivefiess and originality: the 
desurgent by the opposite qualities. There is less definite evidence point- 
ing to the existence of two or three additional, independent and smaller 
group factors, one of which has been designated by ‘m’ for ‘maturity’ 
and the other by ‘a’ for ‘adjustment’. The latter is probably the basis of 
the cyclothyme-schizothyme type distinction. 

The present paper describes an attempt to discover brief laboratory 
tests which will correlate with these broad behaviour patterns thus 
established. In the search for tests guidance was obtained from the study 
of previous experimental work, from the trend of psychological discussion, 
from the findings of abnormal psychology and from close personal ob- 
servation of the manner of thought and reaction in people belonging to 
well-marked temperament types. 
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Speculation has long connected high perseveration with introversion 
and sometimes with steadfastness of purpose. Recent experimental work, 
on the other hand, shows no connection to exist with well-known tem- 
perament types, and an inverse relation to hold with steadfastness and 
goodness of character. One aim of the present research was to bring 
further evidence to bear on this connection of perseveration with character. 

A direction in which to look for tests of the surgent temperament is 
suggested by the unequivocal evidence of Garnett (6), Hargreaves (7) and 
Bernstein (1) to the effect that surgency—the ‘c’ factor—is particularly 
closely connected with Quickness of Apprehension, Imagination, Capacity 
for Rapid Mental Work and a high score in actual speed tests. Measure- 
ment of the subject’s speed of reading and quickness of decision was 
therefore a part of our examination. A characteristic of people of surgent 
temperament which had impressed the present writer was the spontaneity 
and vitality of their conversation, the ease and fluency with which associa- 
tion of ideas took place (not so often by eduction as by reproduction), 
and the ‘volume’ of their cognitive output in a given time. For this 
reason the ‘cognitive output’ test was devised; a test to measure the 
volume of association of ideas when logical aids are as far as possible 
eliminated. Next, a test of oscillation (reversible perspective) was in- 
cluded, because McDougall and Smith (10), in a preliminary research with 
a few subjects, found indications that it might be a very valuable test 
of 'introversion-extraversion. Spearman(5) has also suggested that 
oscillation may be associated with important temperament traits. 

There have been many attempts to employ the psychogalvanometer 
in the diagnosis of various normal and abnormal types and these have 
met with some measure of success. Elsewhere(4 I have summarized 
evidence which shows that the psychogalvanic reflex has low positive 
correlations with cheerfulness, vigour, ‘formidableness of personality,’ 
quickness of decision and with conative qualities generally. From this 
it is evident that one might expect the psychogalvanic reflex to give a 
good measure of surgency, and it was included in our apparatus. Finally, 
an intelligence test was added to confirm, or otherwise, the independence 
of ‘c’ and ‘w’ with respect to intelligence and to determine what part 
intelligence might play in other character factors. All these tests are de- 
scribed in more detail in the appropriate parts of the succeeding sections. 
The subjects of the tests were the 62 training college students upon whom 
the trait estimates described in the previous paper had been made. ` 
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JI. ON THE NATURE OF PERSEVERATION AND THE 
TESTS DEVISED TO MEASURE IT. 


When devising perseveration teste and discussing appearances of per- 
severation one must not overlook the possibility that the variety of per- 
geverative processes which are recognizáble in the normal and abnormal 
mind may be of fundamentally different origins and natures. A priori 
one might consider the following variety of origins for processes to which 
the term perseveration could be (and indeed has been) applied. (1) Per- 
severation of response through the referring of different ideas and stimuli 
to а single major sentiment or complex (delusions, melancholia, con- 
sistency of character) (2) Perseveration due simply to mental asthenia 
and lack of spontaneity, which permits any process of thought or action 
once started (by external stimulation) to proceed unusually long without 
interruption. (3) Perseveration due to the very nature of the nervous 
tissue and analogous to the inertia of the physicist, t.e. something which 
shows itself as a lag in all nervous processes, resulting in some inter- 
ference of all consecutive mental activities. (4) Perseveration as an 
obstinacy of old habits in the face of habits being newly formed, or tice 
versa. (5) Quite apart from these varieties of what might be called true 
perseveration one meets instances, such as the mental defective’s useless 
repetition of old and inappropriate respanses in new situations, e.g. Binet 
test situations, which are really due to quite unrelated causes, usually 
low ‘g.’ In the latter case perseveration is due to an urge to act which is 
not guided by any appreciation of the form of the new response required, 

One may ask further whether perseveration applies equally to all 
kinds of experience—conative, affective and cognitive. If perseveration 
is of the nature of an inertia, will the subject who shows marked sensory 
inertia in, say, the Masson’s Disc experiment (Heymans and Wiersma) 
also show perseveration of emotional moods and conative sets? By choos- 
ing tests of a suitably varied nature it should be possible to answer many 
of these questions. In those researches which have established the exist- 
ence of a general factor of perseveration the tests have been, with very 
few exceptions, of a motor type. Whatever new tests we might take, 
therefore, we had to employ at least a nucleus of old and well-tried tests 
of this motor or sensory type. For, firstly, we had to be sure that we were 
dealing with the same general perseveratian factor as has been the subject 
of discussion in previous work and, secondly, in the event of the newly 
devised tests proving worthless as tests of perseveration, we were obliged 
to have some reliable measure of perseveration to which to relate the 
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temperament estimates. Limited by these necessities, our tests could not 
cover the whole field of possible perseveration processes discussed above. 
From the results of research which were available at the time the present 
work was begun (principally those of Lankes (9), Wynne Jones @0), Bern- 
stein (1), Pinard a1) and Stephenson a7))- we concluded that the most re- 
liable and valid tests would be found in the triangles test, the cancellation 
test and the reversed letters test. To this nucleus were added tests of cona- 
tive, cognitive and affective perseveration, a measure of rhythm and 
also two tests of ‘persistence.’ The latter term refers to a phenomena 
studied by Cathcart and Dawson (8) which appeared to the present writer 
to be almost certainly related to perseveration and worth investigating 
from this standpoint. 
Briefly described, the final battery of tests was as follows: 

(1) Triangles. Instruction to draw triangles thus, AA, as rapidly as possible. Mark 
affixed at end of half minute. Continued for another minute. Changed without pause 
to drawing triangles thus, Ç V, for a further minute. 

: Number of triangles in last minute 
Perseveration score = Number of triangles in preceding aaa үу: 
Repeated after long interval, starting with triangles thus, V v, and changing to 
thus, AA. 

(2) Reversed letters. Arrangements precisely as for triangles, substituting “орта? 
and ‘tsrgpo’ for A and y. 

(3) Cancellation. As for triangles, cancelling T and X only (on prepared sheet pre- 
senting'rows of mixed letters) in place of A, and О and J in place of y. 

(4) Forearm rhythm. Subject, who sits comfortably in chair, instructed to beat 
out with the forearm (elbow resting on chair arm and forearm stiff), a steady time at 
a rate which seemed most normal, natural and comfortable to himself. Amplitude 
limited to 6 in. by mechanical obstruction. First five beats neglected, then timed for 
half a minute. ы P 

(5) Persistence of rhythm. Five seconds after completion of above forearm rhythm 
test a metronome was started at half the speed adopted by the subject. Subject syn- 
chronized with metronome for 1 min., then, after 10 sec. interval, was instructed to 
regain his natural rate; timed for 20 seo. 

Boore = p Dra speed — final speed 
Original — impo 7 
i.e. a measure of the deflection from the original, natural speed produced by per- 
severation of the imposed speed. 

(6) Persistence of colour image. This is the second of the two teste adapted from 
Cathcart and Dawson(9). 

(1) Subject shown pale red and asked to remember shade. 

(2) Shown series of shades 1-10 and asked to pick out (1) from memory. 

(3) Shade at (1) again shown. | 

(4) Much deeper shade shown, with i ion “Fix it in mind." 
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(5) Series again shown, with instruction ‘‘Pick out (1) as before.” 
Test repeated with another shade of red and two shades of blue. 

Persistence (of effect of (4)) = Difference of shade chosen in (5) and (2). Difference 
of (1) and (2) taken as & control measure of accuracy of visual memory. 

(7) and (8). Rhyming and association. List of words exposed (hat, pod, eyes, etc.) 
with instructions to write down a rhyme to each as quickly as possible. Immediately 
afterwards a second list exposed with instruction to write down very first word of 
association. Second list designed to be (a) provocative of rhymes and (b) of associe- 
tions taken from first list, so that a measure might be obtained of the tendency for 
perseveration of а conative set and of cognitive associations. 

Rhyming perseveration = Number of rhymes given in second list. 

Association perseveration = -Number of association words carried on either from 
(a) first list, or (b) subject’s responses to first list, or (c) earlier part of same list. 
Repeated same evening and later. 

(9) Feeling perseveration. Single words exposed in quick succession, with instruc- 
tions “ Write down at once P or U according as impression is pleasant or unpleasant.” 
Words in groups of six, first word always markedly pleasant or unpleasant; following 
five as neutral as possible’. Six Bets of six words exposed and similar set later. 

Perseveration score = Number of P reactions after initial P words and U reactions 
after initial U words. 


(10) Apperceptual perseveration. A number of words were exposed singly, each for 
8 fraction of a second. Immediately before their exposure the subjects were given a 
talk on a single theme (in the first experiment athletics, in the second classroom teach- 
ing) from which all the words in the ensuing list were taken. Most of the words had 
one or more letters misspelt and the subjects were told, “Some of the words may be 


` misspelt: write them down exactly as you see them.” Subjects having a marked per- 


Beveration of the ideas and *apperoeption masses’ previously stimulated would pre- 
sumably be more likely to fill in the unclear and wrong spelling of the exposed words 
with the correct supplementation, i.e. to overlook words wrongly spelt. Each subject’s 
score was made with reference to his ‘perceptual accuracy’ determined by exposing 
a similar list of mixed words unrelated to any recent subject of conversation. Score 
for apperceptual perseveration = Errors overlooked on the recently discussed topic 
list — Errors overlooked in list of general and indifferent topics. 


(11) Altitudes perseveration. The lag and interference in two kinds of attitude 
change was tested: (1) with respect to a change of attitude from flippant to serious 


‚ (and vice versa), (2) in a change of attitude from hostile-critical to friendly-oonfirma- 


tory (and vice versa). Instruction “І shall read out ten questions. Write down quickly 
a flippant answer to each. Immediately afterwards, as the same ten questions are read 
out again, write down a serious and reasonable answer to each, e.g. 'Whatis a mariner's 
compass?’ ‘About ten gallons!’ and later ‘A device for keeping the compass oard level 
in spite of the ship's movements.’” The reverse change was studied with another ten 
questions and the other attitude change with a series of ten statements, to which a 
critical rejoinder had to be made in the one case and a helpful, confirmatory remark in 


1 The exact details of administration and scoring of this and other tests will be found in 
a thesis in the University of London Library entitled Temperament Tests and Perseveration. 
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the other. The scoring threatened to be somewhat arbitrary and subjective, but was 
made by two examiners working independently, who endeavoured to keep an unvary- 
ing standard. 

Perseveration score { 
Number of correct (suitable) responses to first ten questions or remarks 
Number of correct (suitable) responses to repetition of ten questions or remarks ` 
(Mean of both directions of change and both kinds of change.) 


Throughout the above tests runs the general principle of measuring 
the subject on & first activity (which we may call the .X activity) and, 
immediately afterwards, on 8 second, interfering activity (which we will 
call the Y activity). This is typical of most perseveration tests now in use 
and the perseveration effect is measured by the degree of interference 
found in the Y activity; but as to the exact method of evaluating it there 
is much disagreement. Lankes(9) Wynn Jones@0) and Hargreaves (т) 
calculated perseveration as X/Y, i.e. as speed of first activity over speed 
of hindered activity. Bernstein (1), Pinard 01) and Jasper (8), on the other 
hand, took as a perseveration index simply the difference of the two 
measures, t.e. X — Y. The latter method must be considered unsatis- 
factory because it includes within itself a measure of speed, which pre- 
sumably is quite different from perseveration. For the value X — Y will 
be large, quite apart from any increase of perseveration, if X and Y are 
large, t.e. if the subject is naturally a rapid writer. Quite large spurious 
correlations among perseveration tests could clearly result from employ- 
ing such a formula. Not having foreseen this possibility we began to 
work out the results of the present research on the X — Y formula and had 
to rescore the tests at an advanced stage on the X/Y formula. The inter- 
correlations thus far calculated fell somewhat on being recalculated ac- 
cording to the new formula, but the perseveration score then ceased to 
have any significant correlation with speed alone. Since the completion 
of this work Rangachar (13) has introduced a more thorough but more 
laborious technique for eliminating speed, in which the X — Y formula is 
first used and then X is multiplied by a constant calculated from Spear- 
man’s formula for correlations of sums and differences to give no correla- 
tion between speed and perseveration. It is, of course, possible that there 
should be some correlation between perseveration and speed in certain 
circumstances. 

A new arrangement of the test itself which has some promise consists 
in getting a measure of the X activity, then (without promoting inter- . 
· ference) of the Y activity, and finally demanding a rapid alternation of 
the X and Y activities. For example, in the 8’s test, the subject writes 
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SSSSSSSS for half a minute, then, after a pause, 206000002 for half a 
minute, and finally 82828282, for 1 minute. The total for the first two 
sets is then compared with the total for the last set according to the most 
satisfactory X and Y formula. This arrangement, which has been called 
by Babington Smith the alternating test, as distinct from the original 
hindrance test, has several obvious advantages. But in most of the 
examples so far devised it has also the disadvantage of measuring to 
some extent ‘g, for the more intelligent subjects are quicker to see Sa 
as a single configuration and to write it as such. Stephenson has shown 
that there is practically complete correlation between the hindrance and 
the alternating form of any particular test, so they do at least measure 
the same thing, but there remains considerable need of investigation into 
the detailed technique of perseveration tests, especially if they are to take 
a place in clinical practice. 


ПІ. INTERCORRELATION8 OF OLD AND NEW PERSEVERATION TESTS. 


From the very beginning the intercorrelations of the perseveration 
tests turned out low and insignificant, even for a field in which low inter- 
correlations are the rule. These low and occasionally negative correlations 

ceased to be so surprising, however, when it was found that the reliability 
coefficients of the tests were, with two exceptions, negative! Now it will 
be remembered that the second part, or repetition, of each test was given 
with the two activities in the reverse order to that found in the first part. 
For instance, in the letters test, on the first testing the X activity con- 
sisted in writing opgrst and the Y activity in writing tsrgpo. On the second 
testing, which succeeded the first by a few minutes, the X activity was 
writing tsrgpo and the Y activity opgrst. The perseveration score was then 
worked out as = + T. d.e. on the notion that perseveration shows itself 
1 a 
ag an inertia in changing from one activity to another, independently of 
the nature of the activity. This reversal of the parts of the test was an 
attempt to eliminate the effect of any facility in writing terqpo as against 
opgrst and to leave only the effect of changing over from one activity to 
an interfering (because inverted) activity. Our intercorrelations were so 
insignificant as to give scarcely any ground for supposing the existence 
of an effect of this kind, i.e. of an ‘inertia perseveration’ independent of 
whether the change is from old to new or new to old habits. We therefore 
rescored the tests once more, reversing the sign of the second portion, so 
that, in the letters taken as an example above, perseveration was taken 
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as the speed of writing opqrst divided by the speed of writing tsrgpo, with- 
out regard to whether one preceded or followed the other. 

The intercorrelations of the tests marked in this way were better than 
on the original conception of perseveration but were still very disappoint- 
ing. If such findings are confirmed by further investigation of persevera- 
tion test techniques, a new conception of perseveration must be accepted, 
namely, perseveration as the readiness of functioning of an old-established 
habit relative to a new habit involving a rearrangement of the old 
elements. Perseveration as a géneral inertia, manifesting itself as а 
hindrance effect in passing rapidly from one activity to any other kind 
of activity, may indeed be the same thing, but it is in the disparity of 
fluency of old and new motor habite that the tendency is most readily 
revealed and by which we can best hope to measure it. 


Table I. Intercorrelations of revised tests. 


Test A B © D^ E F G H 
A. Natural (fore- (=) (=) (+) (-) (+) (+) CS) 
arm) rhythm 0-81 0-01 011 -009 0-14 -023 -020 0-12 
В. Conative set (—) 
(rhyming) 0-01 0-98 -002 002 001 -018 -003 -007 
C. Triangles (-) 
011 -002 0.41 0:22 008 0-20 -0-25 0-23 
D. Letters (+) 
— 0-09 002 032 062 -009 006 002 003 
E. Cancellation (—) 
014 001 008 -009 026 -016 0-01 0-04 
F. Persistence (+) 
(rhythm) -023 -018 020 0-06 -016 0-75 -0-06 —0-01 
a 


. Apperceptual (+) š 
perseveration -0:20 -003 —0-25 0:02 001 -006 -004 -008 


H. Attitudes bx) 
012 -007 023 003 004 -00l -008 0-34 


The tests for colour persistence, perseveration of feeling tone and of associations have 
already been omitted, for in the first table their correlations were so insignificant, aa nob to 
justify further work on them. 

Many of the correlations of forearm rhythm are negative because the test is scored as 
rapid rhythm — high score, and here, as in previous researches, rapid rhythm is correlated 
with low veration. The true signs to be considered if it is accepted as а perseveration 
teat are the reversed signs in brackets. Д 


In spite of the low and negative correlations these coefficients were 
examined by the tetrad difference criterion for the presence of group 
factors. The tetrad differences arranged themselves in a normal distribu- 
tion curve the quartiles of which were within the theoretical р.к. The 
highest tetrads were found in connection with the apperception-triangles 
relationship, the forearm rhythm—rhythm persistence relationship and 
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the correlations of apperception with some other tests. The nature of the 
overlap in the two latter tests, namely, the particular rhythm activity 
involved in both of them, is easy to appreciate; but no basis could be dis- 
covered for the other overlap. In any case there is no evidence of de- 
finite overlap, but only a slight suspicion of some connection. However, 
with the object of pooling the scores in the best tests only, it was decided 
to reject from the battery the apperception test (its reliability being so 
low in any case) and the cancellation test, on account of low correlations. 

Of the remaining tests the highest -mean correlation is found in the 

` natural rhythm, attitudes, triangles and letters tests, but in none of them 
can the coefficients really be considered significant. The decision to make 
a pooled perseveration score from these tests, and to weight certain tests 
more than others, was accordingly, based less on any evidence brought 
forward in the present research than on the experience of other research 
workers, notably Pinard (12) and Stephenson (16), to the effect that certain 
tests may be considered valid and that even with low intercorrelations 
a pooled score is of some value. Since the perseveration tests are only a 
minor part of this research we could not digress into special investiga- 
tions of the causes of these low correlations. Pinard (п) has maintained 
that valid perseveration measurements can only be obtained by giving 
the subjects practice and throwing away the practice resulte. Unfortu- 
nately such a procedure would not allow the tests any future in clinical 
work, and, since there seems to be nothing in the intrinsic nature of per- 
severation requiring such conditions (indeed one would expect the best 
measurements to be obtained when the test is entirely unfamiliar), it 
seems best to continue experimenting with tests applied once only, in 
the hope of getting increasingly valid tests of this type. 

It is of considerable theoretical interest that the attitudes test sur- 
vives among the four best tests of our battery (as far as these correlations 
are indicative); for hitherto most tests in use have been of a motor and 
sensory type and the question has arisen (indeed it was considered in 
planning these tests) as to whether motor perseveration can be considered 
to be one with conative and affective perseveration. The present finding 
suggests that it can, and the relatively negative findings with our other 
tests of conative and affective perseveration are not to be taken too 
seriously; for the correlations were positive, if insignificant, and might 
be larger on the revised scoring, whilst the technique was by no means 
as satisfactorily worked out as in the older tests and might be much 
improved upon in the light of experience. 

These results are of interest as indications of the nature of persevera- 
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‘tion and of the direction in which we may look to develop new tests, but 
for the purpose of getting the most reliable measurement of perseveration 
to which to relate character traits we must take a more conservative 
attitude and give relatively great weight to tests of established worth. 
The consensus of evidence is to the effect that letters is a good test, tri- 
angles is moderately good and cancellation is practically worthless. We 
compromised with our own finding, therefore, by computing each person’s 
perseveration score as the pool of the scores on letters, triangles, natural 
rhythm, attitudes and rhythm persistence tests, the first two tests each 
being weighted to double the value of any one of the others. The inter- 
correlations of these five tests among themselves are given in Table II. 


Table II. Intercorrelations of tests used to get perseveration score. 


Rhythm Natural 

reist- (forearm) 

Letters Triangles ence Attitudes rhythm 
Letters 0-52 0:22 0-06 0-03 0:09 
0-22 0-41 * 0-20 0:23 = 0-11 
Rh. persistence 0:06 0-20 0-75 —- 0-01 0-23 
Attitudes 0-03 0-23 -0-01 0-34 -012 
Natural (forearm) 0:09 — 0:11 0:23 -0:12 0-76 


IV. THE RELATION OF PERSEVERATION TO CHARACTER 
AND TEMPERAMENT. 


When the pooled perseveration scores had been worked out in the 
above fashion, the correlations of perseveration with the surgent tempera- 
ment factor (‘c’), the general character factor (‘w’) and the smaller 
group factors (‘a’ and ‘m’), established on the basis of observation of 
behaviour in the previous paper, could be investigated. The resulting 
correlations are given in Table III. 


Table HI. Perseveration related to character and temperament. 
8 Characte 
E x и? r 


, 


m ЕД “ a 
Perseveration 0-11 — 0:21 0-02 0:05 
P.E. 0:08 0:08 0-09 0 09 


Of these the only one approaching significance is the negative relation 
to the general character factor. This is in agreement with the previous 
finding of Lankes(9), who obtained a low negative correlation of per- 
severation with ‘persistence of motive,’ or ‘w, contrary to general ex- 
pectation. When corrected for attenuation this correlation seems to be 


A 
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about — 0-4. A surprising discovery is the absence of any significant 
connection of perseveration with the surgent temperament; for 8 con- 
siderable body of speculative writing, which has in some places passed 
into accepted belief, identifies high perseveration with the desurgent 
(‘introvert’) temperament. Indeed, since Lankes showed that persevera- 
tion could not be regarded as the basis of steadfastness of purpose, there 
has been an especial proneness to believe that it is to be identified with 
“introversions’ or the ‘schizothyme’ temperament. In the previous part 
of this contribution we have shown that there is some reason for regarding 
the ‘a’ factor as the core of the cyclothyme-schizothyme distinction. If 
this should be confirmed our results would indicate that the connection 
of cyclothyme or syntonic type with low perseveration, asserted to exist 
by Kretschmer and others, has no experimental support, at least within 
the limits of normality. 

Are we to regard the low negative correlation of ‘p’ with the general 
character factor as resulting from the reduction, through the accidental 
incidence of favourable and unfavourable environmental influences, of a 
much more perfect correlation of ‘p’ with constitutional tendency to 
good character integration? Here we must consider Pinard’s evidence (12) 
to the effect that in the group of children which he studied the most 
obviously difficult and unstable were found either among the very high 
or the very low perseverators. The subjects of our research were students 
selected for high moral standing by the bodies awarding places in the 
college, and there were no obvious or grave delinquents among them. 
They were radically different from Pinard's group also in average age, 
intelligence quotient, education and home background. It is therefore 
of considerable interest to discover whether the same relationship can 
hold in this group; whether those of bad charaoter, or shall we say poor 
character (relatively low ‘w’), are to be found principally amongst the 
very high or very low perseverators. To get groups separated by equal 
increments of ‘p’ the subjects were divided into seven groups according 
to the binomial distribution curve, as used in the previous estimates 
when it was desired to derive equal increments of deviation from the 
ranking order of the subjects. That is to say, after ranking the subjects 
for perseveration they were parcelled out into the following successive 
groups: 1, 6, 14, 20, 14, 6, 1, this being the best normal distribution for 
62 subjects. The mean ‘w’ score for each group was then worked out, as 
shown in Table IV. 

The relationship observed by Pinard clearly holds equally well for 
this very different group of subjects. Except for the average of the fifth 
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sub-group the ‘w’ averages fit into a curve of the form shown in Fig. 1, 
suggesting lower ‘w’ among those of high ‘p’ than those of low ‘p.’ 


Table IV. Relation of ‘w’ to increasing perseveration. 


No. of persons in group 1 6 14 20 14 6 1 
‘p’ score in deviation units —3 -2 -1 0 1 2 8 
‘w’ score, mean for group -30 -016 14 L3 -117 -0-16 -100 


Unless there is reason to believe that our group is in any way selected 
for perseveration—for high perseveration and therefore lacking the lower 
Tanges—we must suppose that the curve for people in general has this 
asymmetrical form, finishing lower on the high perseveration than on the 





p —hII 
Fig. 1. Relation of Perseveration to Charaoter. 


low perseveration side. And this form agrees with the low negative corre- 
lations found between ‘p’ and ‘w.’ Presumably, therefore, a much higher 
correlation of ‘p’ and ‘w’ would be found if the relationship were worked 
out, in accordance with the non-linear connection revealed here, as a 
non-linear correlation coefficient. Thus the predictability of ‘w’ from ‘p’ 
is much higher than a correlation of — 0-21 (or — 0-4) would indicate. 

Though both very high and very low perseverators have a low ‘w’ 
value, it is reasonable to suppose that there will be some difference 
between them in their manner of falling short of high ‘w, t.e. of good 
character integration as expressed in persistence of motive, conscientious- 
ness, reliability, steadiness of emotional mood, etc. 

In searching for these differentiating characteristics we first correlated 
the ‘p’ score with each of the 48 character and temperament traits esti- 
mated in the previous research. Scarcely one significant correlation was 
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found: the qualities behaved truly as parts of the larger group factors, ‘c’ 
and ‘w, which we had isolated from them, $.e. those associated with ‘с’ 
uniformly had no relation to ‘p, and those saturated with “ш? uniformly 
had low negative correlations. This may be regarded incidentally as 
additional support for the integral unity of these constellations of traits. 
Two of the correlations are worth setting down here because the traite 
concerned have frequently been thought to depend on perseveration. 


Conservatism лаш Obstinacy (opposed 
to adaptability) to amenability) 
Perseveration 0:004 (р.в. 0-09) — 0-32 (р.к. 0-08) 


Perhaps the large element of organized will, even in the most ы 
obstinacy, accounts for the latter correlating as negatively with ‘p’ 
does ‘w. 

Having failed to establish any marked difference between high and 
low perseverators on the basis of the trait estimates used in the general 
research we resorted to the less exact and more primitive method of con- 
trasting the personalities of the six highest with the six lowest per- 
severators of the group, simply on the basis of observation. Evidently 
perseveration differences are responsible for differences in more subtle and 
involved personality traits than those broad and obvious traits estimated 
in the earlier part of this research. Our method must be regarded as one 
which lays no claim to establishing connections of traits with persevera- 
tion, but merely indicates traits the extent of the connection of which 
must be confirmed by more controlled methods. The following traits are 
those on which agreement was reached by the four student judges, the 
college tutor and the experimenter. Although for the sake of brevity it 
is usual to describe traits by single wards, the practice is always liable 
to be misleading and in the present instance particularly it seems es- 
sential to describe the modes of behaviour more fully. For example the 
terms ‘effeminate’ and ‘sensitive’ have been applied to high per- 
severators, but different individuals interpret these terms very differently 
and indeed there are widely dissimilar modes of behaviour gathered under 
such labels. The following traits are puranged i in descending order of 
reliability; those at the top of the list a Y more certain and more widely 


agreed upon. 


EXTREME LOW PERSEVERATORS. 
Vital, tense, capable of great industry 
and continuous work at high pressure. 
‘Tough skinned,’ insensitive to effects on 
others’ feelings; apparently inconsiderate 
or even 8 , aggressive. 


EXTREME HIGH PERSEVERATORS. 
one slow or desultory workers. 


hes to ents with others, 
жон к зы thoughtful of others (not 
necessarily more altruistic), suggestible. 


RAYMOND B. CATTELL ' 


EXTREME LOW PERSHVHRATORS. 
Uncompromising individuality, emphatic 
and sometimes awkward uniqueness of 
personality. Sometimes regarded as a 
ау о ‘act’ (use of gesture, epi- 
gram and cultivated idiosyncracy) 
effect and for bluff. 

Brusque; direct and do 
sion of opinion. Sincere in 
scious thought. 
Practical. Useful with their handa in 
some skilled activity. Good at drawing 
and caricature. 

More astute. Better critical judgment in 
art. Able to rise above а sea of detail and 
grasp trends (e.g. in conversation). Sin- 

cerely at one with their own feelinges. 


Satisfied with a small circle of friends. 


6 expres- 
rat con- 


Religion a matter of practical morality. 


Not much concerned with other's 
More integrated. Moved as a whole to 
definite action, which may not be well 
considered and is often directed by im- 
mediate expediency. Practical and quick 
in emergencies. 

More brittle; severely ahaken when feel- 
ings are moved by real crisis. Feelings 
definitely expressed and definitely set 
aside in due cpurse. Feelings are a a dueob 
response to the situation. 


S division between conscious mind 
which is well adapted to reality and the 
unconscious mind which expresses iteelf 


antipathetically by ‘slips,’ prejudices and. 


physical symptoms obvious to the 
observer. 
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EXTREME HIGH PERSEVERATORS. 
‘Correct’ in a negative way. More easily 
inhibited.  'Gentlemanly' (from the 
college tutor). 


Suave; seldom giving unmodified ex. 
pression of opinion. 


Dreamily imaginative. 


More sentimental. More detached from 
and introspective of their own feelings. 
Easily lost in details and liable to get 
quite 8 distorted perspective. 

Likes to keep many acquaintances and 
to feel a sense of community with a large 
group. 

Morality only a part of mystical religion. 
Suspicious, jealous and fault-finding. 
Very interested in other personalities. 
Always aware of moods and the co-exist- 
ence of conflicting feelings, vacillating, 
undependable. “Never consistently true 


to one roguery at a time" (fellow- 
students). 
More plastic. Slow to realize full emo- 


tional import. Slow to recover. Out- 
wardly unmoved; inwardly struggling 
towards slow emotional adaptation. 


Less sharp division. Conscious mind less 
adapted to reality, more aware of its 
motives and engaged in continuous 
conflicts. 


The last two or three items of these twelve distinctions are less certain 


than the earlier ones, partly because they contain a good deal of inter- 
pretation read into behaviour byt the experimenter. They are nevertheless 
well considered and believed to  Egprésent important differences. Some of 
the above differences may be illustrated by the following incidents. On 
looking at the perseveration list as soon as it was compiled and after 
every student had been encountered during the visits for individual ex- 
periments, the experimenter found that he could conjure up a picture of 
every one of the six extreme non-perseverators but could recall nothing 
of the six highest perseverators (excepting one who had been interviewed 
J. of Payoh ххту/1 3 
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several times in connection with the organization of the experiments). 
The experimenter’s assistant was likewise able to recall many more low ` 
than high perseverators. The high perseverators had indefinite, self- 
effacing, accommodating, and ‘correct’ personalities which had left no 
impression. Again, of the sixty-two students asked to participate in the 
experiments only two declined to fall into the scheme. Each of these 
baldly stated that he could see no personal advantage to be gained from 
taking the experiments and that he had plenty of other things to do with 
his time. Each discussed the matter frankly, with a complete disregard 
of the experimenter’s feelings and of the wave of interest that was passing 
over the rest of the group. Each continued to sit for the experiments, 
without the slightest indication of any suppressed resentment, after 
having had certain tangible advantages pointed out to him. Both of 
these men were found in the six extreme low perseverators, one of them 
being the lowest of all. Although the low perseverators were more in- 
dividualistic in themselves the high perseverators contained several 
people most extreme in their ideas—rebellious, cantankerous and original 
theorists, who, however, were quite ordinary and conventional in their 
personalities. Asked in a questionnaire (the full results of which we hope 
to publish later) to name (a) the people particularly liked, (b) the people 
particularly disliked (in the rest of the experimental group), the six non- 
perseverators together named 29 liked and 11 disliked, whereas the same 
number of high perseverators named 11 liked against 9 disliked; entering 
in each case into relative lengthy analyses of faults. This agrees with the 
reported hypercritical nature of high perseverators where ‘persons are 
concerned. 

These differences do not enable us definitely to establish a distinction 
between the ways in which high and low perseverators fall short of being 
considered sound characters, but taken in conjunction with the findings of 
Pinard and Stephenson they enable us to reach some general conception. 
Among children Pinard 02) found that high perseverators were rebellious, 
irritable, bad tempered and moody, while non-perseverators were ‘petty,’ 
nagging and whining, and happiest in a crowd. Among abnormal adults 
the high perseverators were rebellious, serious, shy and solitary, while 
non-perseverators were irritable, selfish, silent and anxious. Both he and 
Stephenson found among psychotics that melancholia, suspicion, para- 
noid states and some forms of dementia praecox were associated with 
very high perseveration, whereas hysteria and mania were connected 
with extremely low perseveration. There are some contradictions here 
and with our present results, which, however, may be partly due to the 


RAYMOND B. CATTELL 35 


alteration of the traits of perseveration with age and with the particular 
nature of the environment, e.g. the irritability of the high perseverator 
may be directed to the resistances of his own nature, and thus be a per- 
manent feature of non-perseverative characters, whereas the irritation of 
the high perseverator may arise from the obstructions found in the re- 
strictions and imperatives of society and therefore be a characteristic 
of perseverators only in unduly disciplined societies. The common core 
of agreement in our own and the above findings as to the shortcomings 
characteristic of extremely low and extremely high perseverators assigns 
to the latter a nature which is covertly rebellious, desultory, furtive, 
jealously suspicious, moody, melancholy, sentimental and vacillating. 
To the non-perseverator it assigns a nature which is inconsiderate, 
egoistic, irritable, impulsive (or ‘headstrong’), demonstratively emotional 
and inconsequent. Some of these characteristics are not so much low ‘w’ 
as just objectionable, but on the whole we can see why these subjects were 
voted to be of poor character. On the one hand (with low perseveration) 
conscientiousness, reliability and persistence in face of obstacles are im- 
paired by a powerful wilfulness which chafes at the restrictions they im- 
pose and breaks through the inhibitions of the self-regarding sentiment. 
On the other hand (with high perseveration) the unreliability and lack of 
persistence springs from a general weakness and looseness of emotional 
organization which permits the whole personality to change according to 
the influences that are brought to bear upon it. 

Essentially it would seem that low perseveration permits a well-knit 
conative make-up which is fundamentally stubbornly intransigent to 
external moulding influences and which tends to dissociate conative dis- 
positions not fitting in with the main core. With high perseveration goes 
a less strong and more plastio nature which accepts inhibitions and im- 
posed trends as part of itself and thereafter resents pressure. Internal 
conflict is tolerated ; the sentiments are loosely organized and changeable, 
and the character is held together rather by some system of cognitive 
beliefs than by well-knit conative habits. In many respects the differ- 
ences are such as might be derived simply from a greater abundance of 
nervous energy among non-perseverators. 

Additional evidence on aspects of the perseveration difference was 
sought through an introspection questionnaire. Many writers, notably 
Otto Gross, have attempted to deduce all manner of temperament traits 
for high perseveration simply by imagining what the effects of persevera- 
tion (as known to introspection) would be. Such approaches we have seen 
to be grievously astray, firstly in associating high perseveration with 
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persistence of motive and secondly in identifying it with introversion. Is 
it possible that the error consists, not in associating introspectible per- 
severation with introversion, but in assuming that such perseveration is 
the same as that measured by tests? This we attempted to answer by 
means of a questionnaire. Lankes(9) has already shown that there is a 
correlation between test perseveration and the total score on a question- 
naire dealing with all manner of introspectible perseveration, whilst 
certain test situations introduced among the present tests (notably 
‘attitudes’) tap exactly the same processes as those subject to intro- ` 
spection. The following questionnaire modelled on Lankes’s was scored 
item by item instead of as a whole, in arder that any differences between 
various forms of perseveration might be made apparent. Each item was 
scored 3 for a very positive answer (with regard to perseveration), 2 for an 
answer indicating an indifferent state and 1 fora definitely negative answer. 
The subjects were divided into three groups with respect to perseveration 
scores—high, medium and low—and the total score of each group on each 
item of the questionnaire was worked out and set down as below: 


High Moderate Low 


ii (20 gi 
subjects) subjects) subjecta) 
(1) When you have made up your mind to do a certain 35 44 39 
piece of work do you sometimes find yourself persisting 
' with it even after the causes for doing Bo have disap- 
peared? А 
(2) In conversation can you pass quiokly fram one 34 38 35 
subject to another, or do you find it more natural to 
exhaust one subject at a time? 
(3) When you have heard a tune does it sometimes 56 51 49 
recur again and again to your mind without your want- 
ing it to do so? 
(4) If you are in the course of tackling some problem 61 56 ' 51 


do you find it difficult to drop it until you have solved 
it, or can you put it aside at any moment and take 1t up 
at some other time? 


(5) If something Lgs awry early in the day, does it put 40 39 37 
you in & bad mood for the rest of the day or doea your 
mood soon pass off? 


(0) If you have heard two sides of a question does the 34 39 37 
one that you have heard most recently affect you more, 
strongly than the remoter argument? 


(7) If you are deep in thought and are suddenly asked 51 52-5 48 
& question, the answer to whioh you normally know 

quite well, do you have any diffioulty in answering it? 

(8) Do you gometimes carry out а task, e.g. an errand 38 38 33 
.of some kind, and find that you have forgotten the 

reason for whioh you were doing it? 


(9) Do you find much difficulty (i.e. are you confused) 42 51-5 88 
in doing two or three things at once, e.g. writing a letter 
and carrying on conversation? 
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(20 i 
E subjects) subjects) subjects) 
(10) Do you start any activity, e.g. reading, playing 40 45 37 
tennis, without much ‘warming up,’ or 18 there at first 
an interval during which you have to work yourself 
into the activity? 
(11) When you are carrying out а task, e.g. reading, do 54 51-5 48 
you become quite oblivious to what is happening around 


you, such as being spoken to by people, or the playing 
of a piano? 


(12) If an idea is expounded to you do you usually grasp 39 44 41 
it in its entirety in a single flash, or do you come gradually 

to an understanding ot it? 

(13) When you are travelling by train or boat do you 36 31.6 32 
continue to get the sensations of travelling for some 

time after the actual journey has ended, e.g. the per- 

sistence of the rhythm of the train wheels or of the 

motion of the boat? 

(14) Are you much affected by travelling conditions, e.g. 25 97:5 26 
must you always face the engine? 


(15) If you have some temptation or worry does it keep 48 51-5 50 
coming back again and again or can you keep it out of 
your mind for considerable periods of time? ; 


16) Are your dreams mostly about things that have 38 40 38 
ppened or about entirely new things? 

(17) Do you oscillate fairly quickly, when circum- 38 41 35 

stances seem to dictate, between extremes of pride 

and sorrowful humiliation? 


(All the figures in the middle (moderate) column have been increased by 1/20 to permit 
fair comparison with the other columns.) 


Only four of the seventeen questions show a continuous rise from low 
to high perseverators, though none shows the reverse relationship. These 
concern inability to shake off moods (5), persistence of tunes (3), tendency 
to retract and restrict consciousness (absent-mindedness in all ite forms) 
(8, 11), and, possibly, persistence of sensations (13). Some experiences 
are most keenly realized by moderate perseverators, and it is instructive 
to notice which these are. We find particularly:.difficulty in dropping 
work after causes for continuing have disappeared (1), tendency to ex- 
haust one thing at a time (2), difficulty in dropping a job till it is finished 
(4), difficulty in doing two or three things at once (9), consciousness of a 
warming up period in settling down to new activities (10), consciousness 
of effort in grasping a new idea (12), and others in which the difference 
is too slight to be of much significance. A discussion of these answers 
lays bare the fundamental weakness of the questionnaire method, namely, 
that the answers can mean very little because each respondent can have 
no idea of the standards in the minds of the other respondents. In ad- 
dition one must reckon on some dishonesty, which affects answers to 
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questions dealing with undesirable traits, so that a high score may merely 
indicate more than average honesty. To say, for example, that moderate 
perseverators score high on the ‘warming up period’ question, may mean 
either that there is in fact a strong perseverative lag, or that the indi- 
vidual, having a strong will and high standards of bodily response to the 
will, has a more definite conflict between the will and the perseverative 
tendency, which, however,is no greater than or even less than that 
normally tolerated by less strong willed individuals. Finally it may mean 
nothing more than that the individual is more introspective and more 
conscious of all these processes than is a less observant man. Everything 
points to the second of these possibilities as being the true solution, for 
we see that perseveration as such, uncomplicated by willed activity, does 
associate itself with rise in perseveration score, whereas these qualities 
which associate themselves with the moderate perseveration score are all 
of a kind directed by the will. It is in good agreement with this con- 
clusion that moderate perseverators have the highest rating for strength 
` of will. We may therefore suppose that much of the discrepancy which is 
often reported between test scores for perseveration and the individual’s 
estimate of himself for perseveration is due to a confusion of the persist- 
ence of willed activities with perseveration. To be unduly aware of in- 
ability to drop a job once started, or of resistance to doing two things at 
once or of a warming up period when starting a job one has decided to do, 
is to be regarded as evidence of good integration of sentiments rather than 
as evidence of perseverative tendencies. That these relationships are not 
shown more definitely by larger differences between the groups in their 
scores on the above questionnaire may reasonably be regarded as due to 
the attenuating effects of errors arising from the variation of standards 
from individual to individual. The rather large variations in the frequency 
with which the types of experience represented by the various questions 
are reported is itself of some interest, e.g. influence of travelling conditions 
and difficulty in getting off a subject of conversation are much less fre- 
quently reported than absent-mindedness when suddenly asked a question 
or obliviousness to all around when engrossed in reading. 


V. TESTS OF SPEED, OSCILLATION, INTELLIGENOE, PHYSIQUE AND THR 
PSYCHOGALVANIC REFLEX RELATED TO THE ‘C’, ‘w, ‘а’ AND ‘m’ 
TEMPERAMENT AND CHARACTER FAOTOBS. 


A brief account has already been given of the lines of thought which 
led to the introduction of the'other tests of character-temperament. 
It remains to give an abridged account of the exact conditions 
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of these tests before proceeding to examine the degree of success 
achieved. The battery includes,a group of speed tests expected to cor- 
relate with surgency; a test of oscillation which might be expected to 
correlate with the suspected cyclothyme factor (‘m’) and with oscillation 
of mood; an intelligence test to determine whether ‘c’ and ‘w’ are in- 
dependent of ‘g’; a measurement of the psychogalvanic reflex reaction 
which we thought would relate to certain surgent and will factors; and 
a rough index of physique to give indications of any relation between 
temperament and physique similar to that shown to exist by Kretachmer, 
and Sahai (14). 


1) Speed of cognitive output. The amount of purely reproductive and associative 
output appears to be high in well-marked surgent types. The subjeots were instructed 
to write down as many words as occurred to them, as quickly as poasible, for a period 
of 24 min. (repeated 8 week later for reliability). In order to rule ont assistance from 
intelligence or interference by the will in this spontaneous reproduction, and to break 
up long trains of association, the following conditions were imposed: (1) must not be 
all of one class, (2) must be two-syllable words, (3) must not be objects in the room. 

(2) Speed of writing. Measured as letters or figures per minute in the X activities 
of all the ‘p’ tests. І 

(3) Speed of decision. Subjects questioned (individually) without awareness of 
timing. Twelve standard questions, half on subjective, introspective matters, half on 
objective judgments. High intelligence or wide knowledge not demanded. Examples: 
“Do you feel more cheerful as a rule in the mornings or the evenings?” ‘Which of 
the two shades of blue on the card is darker?” (Twelve similar questions a week later.) 

(4) Speed of walking. Told to walk at normal comfortable pace. Paces per minute 
on two different occasions. 

(5) Speed of reading comprehension. (а) A complex and abstract passage (420 
words), (b) a simple and dramatic passage (305 words), given to read at normal reading 
rate, silently, with prospect of a few questions on the matter read at the end. Repeated 
with similar passages a week later. 

(6) Oscillation. Measured by number of reversals of perspective per minute when 
uncontrolled. Four 40 sec. periods with (a) the book perspective, (b) the three-cube 
perspective. 

(7) Intelligence. Cattell Group Intelligence Test, Scale ПТА, 70 min. 

(8) Psychogalvanic reflex. Apparatus as described in previous artiole (3). Subject 
mE with six visual word stimuli with a fair interval between each. Words to 
provoke а variety of instinotive impulses. Examples: ‘Kiss,’ *Dog's vomit,’ ‘Deathly 
apparition.’ Also two nocive physical stimuli, an unexpected crash of & biscuit tin 
and a knife plunged into table near subject’s hand. It was not possible to repeat this 
test to measure reliability as each subject had to travel a long way to reach the 
laboratory. 

(9) Physique. Records were kept of the subjects’ weight, height and chest circum- 
ference (normal and expanded). The first physique index used (a rough approach to 
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Pignet’s index) was obtained by dividing weight by height. This, however, really gives 
no true measure of adiposity or sturdiness. A better measure is obtained by dividing 
the weight by the cube of the height, since, apart from negligible variations of density, 
this fraction would be a constant for all people, of whatever size, having the same pro- 
portions (ratio of cross-section to height). Variations from normal proportions will 
therefore be revealed by this index, though we have no indication a3 to whether the 
variation is due to greater fleshiness or to broader akeletal structure. 


The correlations given in Table V are calculated by the product- 
moment formula from the combined scores of the two or more appli- 
cations of each test. We will first see how far the temperament and 
character measurements are independent of intelligence. 


- Table V. ' 


Correlation of intelligence with: 
‘e’ or surgenoy — 0-08 р.и. 0:09 Psychogalvanic reflex – 001 р.к. 0:09 
Speed of reading 0-01 „ 0-09 


‘w’ or character 0-16 ,, 0:08 Speed of decision . 

‘p’ perseveration | —0-14 „ 0-09 Speed of cognitive output -0-18 ,, 0-08 

There are several recent findings of a related kind which suggest that 
the low positive correlation of ‘g’ with ‘w’ will be confirmed as a normal 
and regular relationship}. Presumably higher intelligence makes cha- 
racter integration in a complex environment an easier matter, both by 
lessening the strains and suppressions which the individual is called upon 
to bear and by making more evident to him possible modes of sublima- 
tion. The low negative correlation with ‘p’ is also a normal but an un- 
desirable feature of many present-day ‘p’ tests. For everything points 
to the conclusion that “p° and “g? are strictly independent, but that the 
Y activities in many tests, involving an eduction of correlates from the 
X activities, are in slight measure tests of intelligence. The only other 
correlation that may be significant—with cognitive output—indicates 
at least that the test gives no advantage to those who are more intelligent, 
indeed the low negative correlation would seem to suggest that the con- 
ditions imposed actually penalise the more intelligent by frustrating the 
habits of association which they are more likely to have acquired. 

In Table VI are given the correlations of the new tests (intelligence 
test excepted) with “с” and ‘w.’ Evidently the correlations with ‘w’ are 
negligible—we had expected nothing else—though their systematic 
negativeness suggests that very low but significant negative correlations 
would be obtained by a more extensive research. Whatever relation 


? Woodworth (Psychology), for example, summarizes the evidence of the biographical 
approach by saying “on the whole those with higher intelligence were also of better 
character.” 
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exists between ‘co’ and ‘w’ appears to be very slight and negative. Perhaps 
good character integration means a more complete utilization of nervous 
energy, 80 that rather less is available to express itself in the spontaneous 
channels characteristic of ‘c’ reactions. 


Table VI. Correlation of temperament tests with ‘c’ and “м. 


Reliability 
coefficient  , With ‘e’ With ‘w’ 
Speed of cognitive output 0-57 0:30 ` —0-05 
(р.к. 0-08) (р.в. 0-09) 
Speed of reading 0-93 0-01 -0-11 
(р.н. 0-05) (р.к. 0-09) 
Speed of decision. — * х 0-52 0-07 —0-05 
(2.2. 0-09) (р.и. 0-09) 
Bpeed of writing 0-85 0-30 Not caloulated 
; (р.в. 0-08) 
Speed of walking 0:50 0-07 Not calculated 
Physique. Index of weight/height — — 0:09 0-10 
(р.к. 0-09) (P.E. 0-09) 
Physique. Index of ‘sturdiness’ — 0-06 Not calculated 
(р.к. 0-09) — 
Paychogalvanio reflex (all deflections) — 0:81 š — 0-16 
: (р.в. 0-08) (р.в. 0-09) 
Rate of oscillation 0-85 0-23 —0-04 


It is with ‘c’ that the most significant and interesting connections 
appear. The correlation with speed of reading is so high as to suggest that 
this test might be forthwith employed as a clinical temperament test, 
comparable in validity to the intelligence tests of a few years ago. At the 
same time it must not be forgotten that this test result is obtained with 
a group of adults who have probably long reached their normal plateau 
in speed of reading. In other groups probably both age and ‘g’ would be 
partial determinante of speed, though no correlation of ‘g’ with speed of 
reading was found in this research. 

The lowest significant correlation is with oscillation; and if we are to 
associate surgent with extravert and desurgent with introvert (for the 
traits ascribed to introverts are practically those of the desurgent tem- 
perament), the relation is in the opposite direction to that suspected by 
McDougall (who was using, however, less than half-a-dozen subjects). 
We began to doubt, too, whether this test was measuring any general 
tendency to oscillation. The existence of such a general tendency, more- 
over, rests on much less extensive evidence than that supporting a general 
‘p’ factor, and the fields in which the tendency may be expected to ap- 
pear are as yet little defined. A brief independent enquiry was therefore 
started at this point. Oscillation was now assessed by a questionnaire, 
scored on seven questions, dealing with such things as fluctuation in 
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emotional moods, in performance in games, in desire to work, etc. At the . 
same time the actual tendency to vary was measured by the variation in 
each individual's score on the speed part of the ‘p’ tests from day to day. 
Finally we included the four judges’ estimates on the liability of each 
subject to oscillation of mood. The intercorrelations of these four 
estimates of oscillation were all disappointingly small (see Table ҮП). 


Table VII. Measures of oscillation. 
| (1) (2) (3) (4) 


Reversible perspective 1) 0-85 — 0:08 0-15 -0-01 

Variability on test scores fa) —0-08 0-78 0-12 – 0:05 
(true osoillation) А 

Questionnaire 3) 0:15 0-12 — 0-07 

Estimates of mood osoil- (2 -0-01 —0-05 0-07 0-27 


lation 


There is a hint that the questionnaire has really a slight positive re- 
lation to the other assessments. Is it possible that these various tendencies 
to oscillation are unrelated and that the questionnaire, because it taps a 
little of each of them, shows these slight correlations? We were forced to 
abandon the idea that the perspective test measured to any significant 
extent a tendency to oscillate, and we assumed, in view of later evidence, 
that it really measured mainly a speed function similar to that measured 
by the other speed tests. 

Both the cognitive output test and the psychogalvanic reflex show a 
a good connection with surgency. The connection is understandable 
in the case of the former, which is similar to and correlates with the 
other speed tests; but the psychogalvanic reflex has no obvious con- 
nection with speed and is known to be largely a measure of conation. 
It has already been shown to distinguish between individuals with 
respect to ‘desire to excel,’ ‘rapidity of decision’ and ‘soundness of 
bodily constitution’ (2); ‘forcefulness of character'(3); success in ex- 
aminations (but not ‘g’)(18); and ‘general cheerfulness’ (19), correlating 
positively with all of these to a significant extent. These results 
are fully in agreement with the present finding, for the traits are 
largely those found in the surgent temperament. This psychogalvanic 
reflex correlation with surgency is probably distinctly greater than the 
present figure would seem to indicate, for the measurement was made on 
only one occasion, and being the average of only eight stimuli probably 
has no very high reliability. The correlation has important implications 
for the nature of surgency, suggesting that it is not an absence of in- 
hibition but the presence of greater conative vitality. It is interesting 
to notice that the correlation found by W. 8. Brown@) with speed of 
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decision, which was based on subjective estimates, is here confirmed by 8, 
correlation of 0:26 between the psychogalvanic reflex and objective 
measurements of speed of decision. | 

Apart from this measurement of conation by the psychogalvanio re- 
flex, the highest correlations of surgency are with the speed tests, and the 
question arises as to whether it is to a general speed factor running 
throughout these tests that surgency is most intimately related. Har- 
greaves(7), in a more intensive study of the related trait imagination, 
showed that imaginativeness resolved itself into ‘g’ plus ‘fluency of as- 
sociation.’ The latter he rightly regarded as the central feature of the ‘o’ 
factor of Garnett (6). (It is this ‘fluency’ which we have sought to measure 
in the newly devised ‘cognitive output’ association speed test.) Working 
on test intercorrelations Hargreaves resolved this 'fluency' into three 
further factors—speed (as shown in ordinary speed tests), memory, and 
an ability which he was forced to call z because he could find no test which 
measured it in itself. The present tests were not designed for so thorough 
an analysis, our objective being sufficiently &ttained if we could show that 
tests of speed and fluency of association did in fact correlate significantly 
with the surgent temperament as directly estimated (t.e. not only as 
assessed in the related trait ‘imaginativeness’). A glance at the correla- 
tions in Table VIII will show that all the speed tests are related and that 
the psychogalvanie reflex and oscillation tests behave as if they belonged 
among them. 


Table ҮШ. Intercorrelations of speed tests and other tests related 


to surgency. 

ue of Speed of Fide Cognitive Өр : Oscil- 

decision reflex output lation 
Speed of reading 0- vu 0-17 0-21 0-21 ra —0-02 
Speed of decision 0-17 0-52 0-26 0-16 – 0-04 0-11 
Psychogalvanic reflex 0-21 0:26 — 0-11 * 0-26 —0-18 
Cognitive output 0-21 0-16 0-11 0-57 0-11 0-06 
Speed of walking 0-18 —0-04 0-26 0-11 0-50 0:11 
Oscillation —0-02 0-11 —0-18 0-06 0:11 0-85 


At the present stage of the work these results have not been analysed 
by the tetrad difference criterion, but it is clear from a brief inspection 
that the abilities (which are arranged in order of mean correlation) do not 
resolve themselves simply into a general factor and specific abilities with- 
out overlap. Neither is i above order the same as the order of correla- 
tion of the tests with ‘с.’ It looks as if the psychogalvanic reflex and 
Speed of Decision шше have something in common, over and 
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above the speed element running through all the tests, which has no 
particular connection with ‘с’ At the same time this general speed factor 
alone is not identifiable with ‘c’; a pooled score of speed of reading, 
cognitive output, the psychogalvanic reflex and oscillation tests gives a 
correlation with ‘c’ of only 0-56 + 0-086, which is lower than that with. 
speed of reading alone. When fuller data justify a more complete analysis 
the possibility must be borne in mind that though ‘o’ is a unitary factor 
from the point of view of behaviour it may not be so with respect to 
psycho-physical measurements. Hargreaves found that “fluency of as- 
sociation’ did not resolve itself into speed alone but into 8 speed factor, 
a memory factor and an z factor. Our results are by no means unfavour- 
able to the view that ‘c’ on the behaviour side can be identified with 
‘fluency of association’ on the measurement side, 4.e. that surgency as a 
general behaviour factor arises from the combined action of three general 
psycho-physiological factors—speed of reaction, availability of memories 
and z. There is some suggestion from observation in the present enquiry 
that this z is an absence of inhibitions at deep levels. 

The next step in trying out this notion is to devise more tests of 
fluency of association to find if more perfect correlations with surgency 
are obtained with the pool of such tests. At the same time we may grope 
towards better tests of ‘c’ by analysing the features of the speed tests 
which show the highest correlation with ‘c,’ and this may be done with 
the data of the present testing. This will give some idea, too, of the part 
which the speed factor alone plays in accounting for ‘ce.’ In the data of 
the perseveration tests we have material which can be analysed in this 
way; for speed of complex (and long-established) habit can be scored from 
the letters test, speed of sheer mechanical movement from the triangles 
test, and speed of narrowly directed perception from the cancellation test. 
Contrasted with these more simple and stereotyped activities we have 
the performance in the attitudes test, which is a measure of a person's 
fecundity of ideas and rapidity of expression in response to a complex 
situation. The correlations of each of these with ‘c’ were as follows: 

Speed of Speed of Speed of Speed of 

writing movement perception expression 

Surgency with 0-28 0-08 0-04 0-32 

The sharp distinction between the stereotyped perception involved in 
the cancellation test (looking for the same letter constantly) and the more 
complex perception, with rapid variation of the 'apperception masses’ 
involved, which takes place in, say, reading, must not be overlooked if 
the above perception correlation is not to be regarded as anomalous. 
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Considered in conjunction with the results of Tablés VII and VIII thesé 
figures clearly indicate that mere speed of mechanical movement has 
relatively little to do with ‘c.’ Speed of fairly complex habits of action or 
perception is more closely connected, while the closest connection is found 
with relatively complex activities involving memory, speed of re-arrange- 
ment of ideas and some spontaneity (or absence of inhibition?). 

The test findings with respect to the ‘m’ and ‘a’ factors may be dis- 
missed very briefly, for with the ‘m’ factor they were wholly negative, no 
significant correlation being found with any variety of test, while with 
the ‘a’ factor only a few indications were secured as to its affinities (see 
Table IX). 


Table IX. Test correlations with the ‘a’ (adjustment! or 


cyclothyme) factor. 
cho- Cogni Weight = gturdi. 
Per. Intelli Бү Speedo? Не negs О 
tion депсе reflex output decsion index index lation 
‘a’ factor with... 0:05 -007 0-17 -004 -0-05 0-18 0:12 0-30 
P.E.... ` 0-08 0-09 0-08 0-09 0-09 0-09 0-09 0-08 


Here is no connection with either perseveration or the speed teste. 
The psychogalvanic reflex is partly involved, perhaps because greater 
conative energy makes good emotional adjustment more easily possible. 
The interesting connections are those with sturdiness (or the alternative 
physique index) and oscillation, since these are precisely the measure- 
ments which have been asserted to associate themselves with the cyclo- 
thyme constitution. Sahai, using a more comprehensive index of pyknic 
physique than this, found a correlation with cyclothyme characteristics 
scarcely any larger. The index obtained from weight and height alone he 
found to be only a very rough measure of the pyknic build. The best single 
index was found to be the facial index, but we did not know this at the . 
time of starting the present research and we aimed, in any case, not 80 
much at relating temperament to the pyknic build as to general adiposity. 
The most we can say of this section of the results is that an additional 
indication of the identity of the ‘a’ factor with the cyclothyme-schizo- 
thyme distinction is given by their common association with body build 
and oscillation. 


VL SOME PROBLEMS FOR FURTHER RESEARCH. 


Tt seems advisable to set down here the following problems which have 
suggested themselves in the course of this research: 
(1) Confirmation is required of the conclusion that ‘p’ tests merely 
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involving an alternation of activities are not so good as those in which the 
alternation is between some old established habit and a similar but new 
habit. This has important consequences also for the theory of persevera- 
tion. 

(2) In the latter case is it of much importance that the activities should 
follow closely one or the other, and in the former situation what is the 
best short time interval between the interfering activities, i.e. how quickly 
does the perseverative interference dis down? 

(3) Does the X/Y method of calculation effectively remove correla- 
tions with speed? 

(4) Do the low correlations of motor perseveration tests with tests of 
perseveration of attitudes, feelings, ideas, and conative sets indicate that 
with better technique in these latter tests reasonable correlations will be 
obtained, showing perseveration to be a general factor extending to these 
introspectible experiences (when not obscured by willed action)? 

(5) To what extent does perseveration vary with daily fatigue, 
physical condition and recent environmental influences? There was some 
incidental evidence in this research that though ‘p’ may be to some extent 
constitutional it is capable of varying over a fairly wide range for the 
same individual in the course of some months. 

(6) Are the exceptions to the close (non-linear) correlation of ‘c’ and 
‘w’ merely due to poor perseveration test technique or is it possible for 
differences in training to effect marked differences in character integra- 
tion among those with the same ‘p’ score? With this problem is wrapped 
up the whole difficult question of establishing the real differences of high 
and low perseverators, in childhood, adolescence and the adult state. 

(7) Although the most natural assumption is to suppose that extreme 
high or low perseveration produces poor character by some direct psycho- 
physiological interference with ability to integrate the conative drives 
constituting the will, it is also possible that extreme perseverators are 
of poor character because they are temperamentally out of sympathy 
with the average, i.e. with the prevailing values. In other words, has 
perseveration an absolute significance for character or only one relative 
to the average of the group? Rangachar(3) has shown, for example, 
that Jews have a higher perseveration than Englishmen. An English 
subject of high perseveration score (and therefore not of very good 
character integration) would be only a moderate perseverator in a Jewish 
community. Would he there be considered to show good character 
integration ? 

(8) Will the correlation of ‘fluency of association’ (speed and volume 
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of reproduced ideas) with ‘c’ prove to be complete apart from experi- 
mental errors of measurement, or is the correlation essentially 8 partial 
one, being upset by varying degrees of inhibition (imposed by early en- 
vironment) acting upon the native vitality of which ‘fluency of associa- 
tion’ is a measure? Some marked exceptions to the relationship which 
were studied at first-hand in this enquiry suggest that the latter is the 
more probable state of affairs. Moreover, when corrected for attenuation, 
the correlations. of ‘c’ with speed of reading and cognitive output only 
rise to 0-80 and 0-50 respectively. 

(9) How far is fluency of association, like ‘p,’ subject to alteration 
through physiological and psychological influences? 

(10) Further enquiry is indicated to confirm the independence of the 
‘a’ factor with respect to ‘c’; to extend the list of traits in which it is 
concerned; to prove its identity with or its relation to the cyclothyme 
pattern of temperament, and to discover more psycho-physical measure- 
ments with which it is related and by which it might be estimated. The 
results of the previous paper suggest that what is called the cyclothyme 
temperament is really high ‘c’ plus high ‘a,’ while schizothyme traits are 
low ‘c’ with low ‘a.’ High ‘c’ with low ‘a’ and vice versa have not been 
clinically noticed, so that the independence of ‘c’ and ‘a’ was not sus- 
pected, though the confusion and multiplication of types such as the 
introvert and schizothyme indicates that some awareness of a duality 
was present even among those making clinical observations. 


VII. Summary. 


The following is a brief statement of the chief conclusions from the 
present research. Some can only be regarded as indications. 

(1) ‘c’ and ‘w, the general temperament and character factors, are 
independent of intelligence; though there is an indication that the general 
character factor, ‘0, may have a slight positive correlation with in- 
telligence. 

(2) Perseveration appears to be brought out most strongly in tests 
which contrast an old established habit with some new arrangement of 
its elements and is hardly measurable in tests which merely contrast any 
free activities with the interference of those activities. 

(3) Scoring tests by the X/Y formula reduces the intercorrelations 
but renders the ‘p’ measurement practically independent of speed. 

(4) There are indications that test situations designed to gauge per- 
severation of conative trends, feelings, attitudes, etc. (such processes as 
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are designated perseveration in psychiatric work) measure the same per- 
severation as is measured by motor tests. The ‘persistence’ effect de- 
scribed by Cathcart and Dawson @) is also probably of the same nature. 

(5) Some forms of introspected perseveration—those involving the 
whole personality, e.g. finding it difficult to drop a task when in the middle 
of it—are indications of high ‘w’ rather than of high perseveration and 
are found most among medium perseverators. Other forms, e.g. persist- 
ence of sensations, varieties of absent-mindedness, are related to the 
perseveration measured in tests. . 

(6) The surgent temperament factor, ‘c’, is independent of persevera- 
tion but ‘w’ is closely connected. Low ‘w’ is associated with both 
extremes of the perseveration scale, but the correlation of ‘w’ with ‘p’ is 
negative because high perseverators have still lower ‘w’ than have low 
perseverators. 

(7) The differences between high and low perseverators are not of 
& very obvious nature. À tentative analysis has been made (p. 32). 

(8) Surgency correlates positively with all manner of speed tests, 
from speed of walking to speed of reading. It is most highly correlated, 
however, with tests involving something more than the general speed 
factor, notably with ‘fluency of association’ as shown, for example, in 
speed of cognitive output and of reading. It is also related to strength of 
conative impulses as measured by the psychogalvanic reflex. 

(9) The reversible perspective test of oscillation has only a slight con- 
nection with “e It appears to be more of a speed test than a test of 
oscillation. 

(10) The ‘a’ factor correlates neither with speed tests, nor with per- 
severation, but it shows some positive relationship to oscillation, to the 
psychogalvanic reflex and to a physical index of sturdiness (rough index 
of the pyknic body build) which agrees with the supposition previously 
‘made that ‘a’ is probably the factor concerned in. the cyclothyme- 
schizothyme distinction. 


The writer wishes to express his great indebtedness to Mrs Monica 
Cattell for assistance in prolonged calculations, and to Messrs Kenyon, 
Porter, Theakstone and Reed for their care in making the assessments 
on which the first part of this work is based. 


(8) 


(9) 
(10) 


(11) 
(12) 
(13) 
(14) 
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L INTRODUCTION. 


THE experiment described in this paper was one of a number designed to 
investigate reading, and was carried out with the help of 8 grant from the 
Medical Research Council. Other experiments had shown that subjects 
who were occasionally disconcerted in reading short extracts sometimes 
indicated what they took to be breaks in the reading-matter. These 
imagined breaks suggested the present experiment, in which actual breaks 
were sometimes given. 


1 Parts of this paper were read before Section J of the British Association for the 
Advancement of Science at York, September, 1932. 
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IL EXPERIMENT. 
A. PASSAGES FOR READING. 


Ten passages were used. Those relevant are referred to in the foot- 
notet. They ranged from about 150 to about 250 words in length, and the 
first nine were constructed on the following plan: 

First, fifth and ninth—single units of prose. 

Second, fourth and eighth—double, each half from a different source. 

Third, sixth and seventh—triple, an unrelated portion from a different 
source being inserted in an otherwise continuous piece. 

The parts of the compound passages were chosen to give some con- 
trast. When the experiment had begun, it was seen that the contrast was 
unnecessarily great. Then the fifth passage was dropped out for subjects 
I and J, and the tenth added. For these subjects the fifth was replaced 
by the ninth and the ninth by the tenth. Subjects C and H also read the 
tenth passage at additional sittings for that purpose. It was a paragraph 
into the middle of which was inserted part of a previous paragraph from 
the same composition. It gave more continuity than any of the other 
nine. All the material for reading was carefully chosen so that as many 
classes of prose and as many modes of contrast as possible were repre- 
sented. 


1 No. 2. The Psychology of an Infant, by 8. Bernfeld, Kegan Paul, 1929, p. 182, from 
“Oral Mastery has...” to “releases efforts of mastery.” Then, The Memoirs of Cardinal de 
Rez, Everyman, rr, p. 110, from “I beg leave of you...” to “solid and essential.” 

No. 3. Journal of the Plague Year, Defoe, Routledge, 1884, pp. 110-11, from “The Pain 
of the Swellings...” to “in the very Operation." Then, “College Librarians and their Work,” 
Times Educ. Supp., Oot. 18, 1030, p. 429, from “Few people...” to “аге no readers.” Then, 
Defoe continued to “wherever they found it.” 

No. 4. E. Cadogan, Quarterly Review, Oot. 1930, p. 226, from “The second principle...” 
to “is to be obtained.” Then, The Beautiful, Vernon Lee, Cambridge, 1913, p. 102, from 
“Let us therefore...” to “the Third Dimension.” 5 

No. 6. Essays in Oriticism, Matthew Arnold, Maomillan, 1925, First Series, р. 50, from 
“Let me remark...” to “essential part.” Then, The Elephants Head, Bartimeua, Cassell, 
1930, p. 154, from “The torchlight...” to “fluttered about the clearing.” Then, Arnold 
continued to “it will be subject.” - 

No. 9. Analytic Psychology, G. F. Stout, Allen and Unwin, 1918, vol. п, p. 239, from 
* Whenever belief..." to “the ground on which we tread." 

No. 10. The Mediaeval Castle in Scotland, W. Mackay Mackenzie, Methuen, 1927, p. 142, 
from “Now, from the early..." to “as в whole." Then, part of previous paragraph, from 
“They are assembled..." to “mass and disposition." Then, original continued to “byre, 
and the like." s 


. 
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B. SUBJECTS. 


The eight subjects whose reports are utilized i in this paper may be 
Paty characterized as follows: 
Main interests 

Classics, philosophy, golf 
Art, ез2 m plays , 
Psyobology, н art, D outdoor gporta, 

politics, science 
Logio, mathematios 
Modern languages, plays 
Lagic, literature, art 

terature, art, psychology 
History, musio, politica 


C. METHOD. 


The subjects were taken singly. They were seated comfortably, not 
facing the experimenter, in а quiet room, and each subject was directed 
to read aloud the passage on each card when it was handed to him by the 
experimenter, and then to report upon his process of reading, with any 
natural comments. Two readings were allowed on request. In most cases 
the experimenter timed the reading and the report. He made notes on 
the manner of the reading, and recorded the subject’s report as nearly 
verbatim as possible. Great care was taken in making the records, and no 
doubtful reports are used in this paper. The quotations given are some- 
times the relevant parts only of complete reports. 

The nine passages were taken, for every subject, in three groups | of 
three passages in each group, on separate days. Every subject thus had 
three sittings each lasting about 40 min., and subjects C and H. each had 
an additional sitting for passage 10. Between the readings the experi- 
menter talked to the subjeots about indifferent matters. 


Bubject 


Simi Jaw 
ТНВ вен 


Ш. OBSERVATIONS. 


For the sake of brevity, the number of subject/s reports here quoted 
in illustration of each point has been reduced to the minimum. 


À. ON READING COMPOUND PASSAGES. 
(a) Complete synthesis. 
(1) Full synthesis without suspicion of breaks. 


Subject H, Passage 10. 


Experimenter's notes: “Fairly fast and smooth. No partioular rhythm or em- 
phasis. No change at break. Pause at second break. 1 min.” 
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“Reads again, more fast, but carefully'and with a readiness to pause and consider. 
Does not pause at first break. Long pause at second break. Pause at ‘behind.’ 
2 min.” ` 

Subject’s report: “Certain amount of visual imagery. I don’t know why connected 
with Christchurch. Time suggests the tivo atrocities of All Souls’. Some of it I can't 
construe. Interested in trying to visualize buildings in place. Not clear what is meant 

‚ by ‘close tailing off behind.'" “A little difficulty about reconciling fact that main 
building is rather 8 space marked off by walls, and that it is the ‘front of the construc- 
tion. I can’t visualize anything in the least like it, because it is not describing any- 
thing Гуе ever seen so far as I know. It’s quite attractive; I shouldn't mind reading 
some more of the same. There I think I dry up. I'm interested enough to try to 
visualize the things described in place; though I get some imagery—Craigallion castle 
and the castle in Doune. And I should be quite glad to read general context. T'm not 
in the least interested who it’s by.” “І gather it was not broken up by irrelevancies.”’ 
(4 min.) 

Expectation of the passage being “broken up by irrelevancies" 
appears mainly in the subject’s tendency to pause at the second break. 
The passage was taken as a whole, and the subject was not suspicious of 
breaks. Two observations may be made. First, there is & tendency to 
image “the things described in place.” Relevant memory-images—of 
Christchurch, etc.—are revived. The subject's main interest in the passage 
is a tendency to visualization. Second, he is unable to get clear visual 
imagery of the “buildings in place.” This he supposes to be because the 
author is “not describing anything I’ve ever seen so far as I know.” The 
failure of imagery, however, is probably due to the breaks in reading- 
matter. In the whole process, therefore, are present the foundations for 
a grasp of the compound nature of the passage. Such a grasp might have 
arisen through the subject’s attention becoming more and more occupied 
with the failure of the images that did arise to become concrete enough 
to fulfil the tendency to interpret the passage visually. 


(2) Full synthesis, with explanations of peculiarities in the passage. 
Subject D, Passage 2. 


Experimenter's notes: Starts loud and emphatic. Becomes quieter.and mechani- 
cal. No change at break. Speeds up. Slightly sing-song. Quicker, voice tends to drop. 
Takes breath quickly.” - 

“Wants it back as he didn't understand connection in first part.” 

“ Again starte loud and slow and then voice drops and quickens up. Speeds up in 
second part. Slightly stumbling and hurried. Total, 3-5 min.” 

Subject’s report: “І find difficulty in first part in understanding what it’s about. 
It’s taken out of context and I find it difficult to get а right attitude. I feel one would 
understand what it was all about if one had read the preceding passages. It gave the 
impression of being written in fairly modern times. But when he says, ‘I Ъер leave to 
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break,’ it gave you the right attitude for a change of subject, and it goes from modern 
times and back to the seventeenth century. I don’t get any clear idea of connection 
between first part and second part, and it wasn’t any olearer the second time. If I 
had been reading silently I might have done better, as one breaks off and looks back, 
but you can’t when reading aloud." (3 min.) 


This might be described as a ‘subjective’ mode of explanation of the 
disconnection. An ‘objective’ mode can be illustrated too. Of the same 


passage subject I says: 


“I can’t see very much connection between first official part and the last part; 
there possibly isn’t any except in the author's mind. It may be imaged ог a process 
of free association.” 


Subject D gives the explanation in terms of his own change of attitude; 
subject I in terms of the writer’s state of mind. 

. The report of subject D on passage 2 shows that he is baffled by a dis- 
continuity which is almost obvious, but his tendency to treat the passage 
as a whole is strong enough to lead to the unwitting invention of excuses, 
which refer in part to his failure to read the passage aloud, and in partto 
his capacity for a change of attipude. The same tendency to treat the 
passage as a whole is shown by subject I. But she gives the explanation 
without reference to herself. 

(3) Full synthesis, with marked criticism. 
Subject G, Passage 2. 

Experimenter’s notes: '* Much easier reading” than of the previous passage. “Soon 
becomes disturbed and clears throat. Careful over words. At breaks goes much quicker. 
More rhythm. Pronounces ‘Parlement’ in French. 2 min.” 

Subject G volunteered the following remarks after the first reading, and asked to 
be allowed to read the passage again: 

"*Meer' is а misprint.” “Tt is strange to follow the lines when there is no space. 
It worried me in the first half of that passage when the words were not usual.” 

Experimenter’s notes on second reading: “Very careful as far as break, then goes 
much faster. 1-5 min.” 

Subject’s report: “A great many words are not the right words in the right places 
—‘measures’. And there is a semicolon for a comma, And I don’t understand at all 
what they mean by ‘oral mastery’ at the beginning. Is that from a book on psy- 
chology ?—Yes it is isn’t it? It is such a queer juxtaposition of matter altogether. And 
I think possibly ‘historians’ is not just the word he means either. Does he not mean 
persons writing home about Burmah, etc., not historians writing about past ages? 
You know how you get your eyes on a word below: that word ‘Parlement,’ I've a great 
objection to people who say French words in French, and yet I know I should stumble 
if I didn’t pronounce it in French. I don’t see why I shouldn’t have said ‘Parliament’ 
and have done with it. There’s no literary merit of any kind in that passage I should 
say, neither in choice of words nor in happening.” (7 min.) 


feos 
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The subject accepts the passage ав a single unit, but it has a quality 
which leads her to criticism. Yet, while the criticism might legitimately 
be an analysis of the disconnections, it tends to consist in objections of & 
dogmatic character—“ ‘Meer’ is a misprint.” Clearly her critical treat- 
ment is a natural attempt to understand the difficulties of the passage. 
But she does not realize that the passage is compound. 


(4) Full synthesis with suspicions of the passage being compound. 


Subject C, Passage 3. 

Experimenter's notes: “Sounds interested. Reads with expression and rhythm. 
Quite fast. Hesitates at ‘many died.’ No pause at break, but tends to search. Goes 
on smoothly again past the (second) break. 1-5 min.” 

Bubjeot's report: “І think it’s awfully amusing, but what has the librarian in the 
middle to do with it? But I do like these gruesome things, Thucydides and Defoe, it 
reminds me of so many of these things. I wonder what it is that makes plague so 
fascinating to one. But actually the medical stuff amuses me too; the curious things 
they did. It’s funny because I never wanted to be a doctor, but these things with a 
large admixture of image and complete disregard of the person's feelings..." (Pause.) 
“T can’t help returning to that bit about the library. It has no quaintnesses and no 
capitals init. Are you sure you didn't make up these extracte? It makes me extremely 
curious. It doesn’t seem to fit in at all, to me. I want to make it fit in because it’s 
printed between these bits about the plague and I've a feeling that it must be all of в 
piece. If you had put it in brackets I shouldn't have minded & bit, but I shouldn't 
have liked it nearly so much as the bite about the plague." (7:5 min.) 


The subject hesitates and is uncertain. At first she tends to think the 
middle of the passage does not fit in with the rest; then she makes a 
general commentary on the first and last sections, which were obviously 
of a piece; then she thinks the middle part distinct; finally she treats the 
passage as a whole. There is a strong tendency to overcome this indecisive 
state of mind. Various lines of possible solution are attempted. First she 
is critical—the middle bit “has no quaintnesses and no capitals in it”; 
then a rationalization is tried, namely that the experimenter might have 
invented the passage. Later, after expressing her desire to unify the 
piece, she tries a way of testing the experimenter, to see if he will betray 
his suspected authorship. Tacitly assuming his authorship, she suggests 
that he should have put the middle bit in brackets. All these are natural 
attempts to account for, or set at rest, suspicions of discontinuity. The 
tendency to treat the piece as a whole is strong. | 


(5) Summary. 
In the first of the above reports the passage is treated as a whole, and 
nothing is given but the expression of a tendency to stabilize the synthesis. 
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In the second it is again treated as a whole, but with the explanation of 
certain supposed difficulties. In the third, though it is still treated as a 
unit, a grasp of its compound nature tends to develop by way of critical 
analysis. But, since the essential condition of sound criticism—percep- 
tion of the passage being compound—is absent, the criticism is mis- 
directed. In the last report there is a fluctuation between a tendency to 
take the passage as a whole and a tendency to treat it as fragmentary. 


(b) Presence of tendency to synthesis despite perception of breaks. 

(1) Tendency to synthesis shown in delay of ‘insight.’ 

Subject G, Passage 4. 

Experimenter's report: “Reads а bit fast. No particular rhythm. Hesitates over 
several words. Pause at ‘art criticism.’ Then smiles. 1-5 min.” 

` Bubject’s report: “I certainly don’t understand the first half, and I don’t under- 

stand the second. Is that out of & column in The Times? Tm afraid I mean that 
doesn’t arouse anything in me. I don’t want to say any more about that. Didn’t 
amuse me in the least. I noticed I was taken in for about three words where the join 
comes before I noticed the change. It wasn't an abrupt change like the one yesterday. 
I mean it was abrupt but not so striking. At ‘art criticism’ I suddenly noticed it was ' 
one of those fake ones. Ра got there-before I recognized it was 8 new [...... J: that 
there was & switch over. I was making a certain effort to follow the thread of the first 


passage and I thought it was going on into it; and I paused when I saw that it was a 
different bit." (5 min.) 

The tendency to treat the piece as a whole arises through the “effort 
to follow the thread of the first” part. This effort gives rise to the subject’s 
expectation that the “thread of the first” part “was going on into” the 
second. There is, apparently, nothing in the writing itself which leads to 
it being thought single, the tendency to do this being of purely subjective 
origin. The subject’s reluctance to герогі —“ I don’t want to say any more 
` about that”—may be due to her knowing that she was “taken in for about 
three words where the join comes.” This indicates her attitude towards 
the tendency to treat the passage as a whole. She does not wish to admit 
its existence. She regards it as having betrayed her into error. 

(2) Tendency to synthesis shown in treatment of the middle section 
as illustrative of the first part. 

Subject B, Passage 6. 

Experimenter's report: “No change at (first) break. Reads throughout slowly and 


with expression. Rhythm definite. Long pause at second break. Then goes on with 
expression and care, less rhythm. 1-5 min.” 


1 Break in notes. 
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Subject’s report: “ Well there I found in the descriptive passage in the middle I 
was trying to Bee if there was an illustration of the first sentence. I thought there was 
going to be and I was disappointed that there was not a definite illustration. I hoped 
that it would suggest something about energy and honesty, but it didn’t. The central 
passage was a very vivid description; I got quite a good idea of it. And again when 
he got to the end I thought perhaps that was goig to be the key; perhaps it was 
something to do with pioneer spirit or something like that. But I wasn’t able to fit it 
together at all. I thought there should have been a new paragraph at end of first piece 
and then you would take this as an illustration.” He wonders whether the experi- 
menter suggested to him that there ought to be a connection. “Ір the other case” — 
passage 32—“‘it is two principles; but here it is a statement of a principle followed 
by а description. I think when there are two principles I would not be so likely to 
connect them as when there is а statemerit of a principle and then the desoription. 
The pause may be because I was looking forward to see the end of 8 long sentence.” 


The subject is satisfied that the sections of the passage do not fit 
together readily, and yet he searches for a means of connecting them. This 
searching takes the form of an attempt to treat the middle section as a 
concrete illustration of the principle in the first section. The tendency is 
so strong that even when the whole second section has been read and 
appears irrelevant to the first, he continues to look for a “clue” in the 
third section. At the end he expands his notion critically, with reference 
to a previous piece—passage 3? This report may be contrasted with those 
in section (a), in which the subjects treated the passages as wholes, and 
tended to be disturbed by irregularities. It may also be compared with 
the report just discussed, in which subject G tried to interpret the second 
part of passage 4 as a continuation of the first part. Here subject B dis- 
tinguishes the parts, but searches for a principle of unity. 


(3) Tendency to synthesis expressed in formal interpretation. 


Subject C, Passage 6. 

Experimenter’s report: “‘Starts in preaching style. Smiles at break. Then a little 
faster and more natural. No change at (second) break except tendency to smile. Reads 
again in a preaching tone of voice: voice drops at end. 2 min.” 

Subject’s report: “That’s in symphonic form isn’t it: it starts with a thing, has an 
interlude in the middle and goes back. I cannot grasp the heavy bits side by side with 
these purple patches. The middle bit just draws one’s interest. The bottle and the arm 
made me think of that early Velasquez of the men drinking: a wonderful picture. I 
got & very clear image of the middle bit: I don't know what the other's about. I wish 
I could be really interested in morals and intellectuals.” (3 min.) 


The subject has no doubt of the passage being threefold—beginning, 
end and ‘interlude.’ But it is striking that she tends to find an explana- 
tion of this compound structure. She points out that the passage is in 
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“symphonic form," and in her definition of this form makes a slip 
sufficient to fit the form to the passage. The true comparison of the form 
of this passage with a musical form is with the simple ‘ternary’ form. In 
the ternary form there is a relieving section between two sections which 
may be identical. This form is not very unified, its interest often resting 
as much in contrast as in coherence. The subject, however, has chosen 
nominally to assimilate the passage to the symphonic form. In this form 
the ‘interlude’ has become a highly organized ‘development’ of part or 
all of the opening section. Thus the symphonic form has the contrast 
effects of the ternary form, together with a special unity depending upon 
a profound relationship of subject-matter in all three sections. Subject C 
is & musician, and would not be likely to make a downright confusion 
between the ternary and symphonic forms. However, she has thought of 
the passage in terms of the most unified form—the symphonic—and de- 
fined it in terms of the form which is at once less unified and more com- 
parable with it—the ternary. The tendency to treat the passage as a unit 
is strong enough to make her deceive herself about the principle of unity 
adopted. 


(4) Tendency to synthesis expressed in a circumstantial explanation. 

Subject B, Passage 3. 

` Experimenter's report: “Starts fast. Expression. Slows down a bit. Laughs. 
Pauses and smiles at break. Laughs a good bit. Settles down. No pause at (second) 
break. 1-5 min.” 

Subject’s report: “Plain sandwich. And what's more the second bit didn’t follow 
directly on to the first section as there was nothing corresponding to the ‘as above.’ 
I couldn’t decide what particular plague it was a description of though presumably it 
might be the Great Plague of London. Reason why I laughed was that it was such an 
absurd transition from the plague to the chatty remarks about the librarian. Struck 
me as the sort of thing that might happen through a mistake in binding a book. Not 
the sort of thing done deliberately. Or in a newspaper of course, that'd be the kind 
of thing. It was the kind of thing that was due to a mistake rather than deliberate 
because the connecting passage was omitted. I can imagine what the connecting 
passage would be like—how some people when being operated upon broke away and 
rushed down to the river. Also rather odd that one should have the description of the 
librarian and binding books coming into a passage where there was that sandwich.” 


The subject makes much effort to explain the inconsistency of the 
passage. He gives an explanation which involves him in the invention 
of a difficulty which does not exist. His explanation of the incongruous 
character of the middle section is that there has been an error in binding, 
or in some other way, such as getting the type muddled in the forme. But 
this explanation can be held only by presuming interchange between a 
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natural middle piece and the middle piece given. He finds no connection 
between the first and third sections. He says that there is nothing in the 
first section corresponding to the “as above" in the third section. ' But 
in fact the first and third sections are continuous, and the “as above” 
refers back to a paragraph not given. The subject has invented a break 
which does not exist, in support of his explanation of the break which 
does exist. This indicates a tendency to find unity in the passage. 


(5) Summary. 

The first report of this section shows mere delay in perception of the 
compound nature of the passage read. A complete prevention of this 
perception would lead to its being taken as a whole. The second shows a 
tendency to express the middle section as if related to the other sections 
in a rational manner, namely by way of illustration. In the third report 
the subject makes a formal synthesis which is largely cognitive, like all 
formal syntheses, but is not rational. She assimilates the structure of the 
piece to an irrationally modified musical form. In the fourth report the 
subject seeks an explanatory hypothesis to account for the breaks. He 
makes no attempt to find an internal synthesis. In the third and fourth 
examples the subject is led into secondary inconsistencies by the effort 
after unity. 

(c) Complete detachment. 


(1) Perception of the compound nature of the passage solves the 
subject’s difficulty and gives satisfaction. 

Subject D, Passage 6. 

Experimenter's report: “Moderately fast. Невіфафез at break and then goes on 
faster. Sounds interested. No change at next break, but slows down a bit. Sing-song 
at end. 1-5 min.” 

“Reads again for the sake of understanding it." “Much faster. Very careful at 
the end. Then speeds up.” 

Subject’s report: “ Well again obvious switch-over, which I was prepared for. Very 
marked change of subject (and) rhythm. Pedantic change for a pictorial style with 
some regard for rhythm. Second part was a successful attempt to hold up a visual 
picture. I saw all that visually. Wondering what it was about. Thought of Boer War. 
First section moderately clear. After second change passage meant nothing to me and 
I can’t believe sentences were in original order, even if written by a moral philosopher. 
A glimmer of meaning. It seemed to me he would like в native to give up moral 
qualities. The word ‘its’ held me up. I abandoned the task of even partially under- 
standing ‘that part. There wasn’t enough in the first part to say whether it meant 
anything or not. I can’t have understood it. Tm glad I read it a second time as I 
wasn’t sure whether it was my fault, but the second time I was satisfied it was com- 
plete nonsense.” 
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The subject is confronted with many difficulties in understanding the 
passage at a first reading, and after a second, escapes all of them by in- 
terpreting it as consisting of incongruous sections. He also exaggerates 
his inclination to find the fault in the literary matter, by tending to regard 
the separate sections themselves as nonsense. He solves the whole 
problem of reading with understanding, by concluding that the passage 
cannot be understood. The effort to read is abandoned in such a way as 
to leave the subject satisfied that he has completed his task as well as 
could be expected. He was prepared for the “switch-over.” But this 
simply made his solution easier. He expresses confident satisfaction at 
reaching his solution, saying, “I can’t believe the sentences were in 
original order, even if written by a moral philosopher," “I abandoned 
the task of even partially understanding that part,” and “I’m glad I read 
it a second time” for then “I was satisfied it was complete nonsense.” 


- (2) Tendency to treat the passage as compound is exaggerated and 
gives amusement. 


Subject E, Passage 2. 


Experimenter’s report: “Long pause before starting. Clears throát. Very careful 
of difficult phrases. Speeds up slightly at break. No other change. Monotonous. Goes. 
back reading silently, quite a long time. Interjects, ‘Parlement, spelt wrongly.’ 
_ Pauses; reads very slowly. 3 min.” 

Subject’s report: “Well that is a perfect jumble up of stuff and means absolutely 
nothing. It doesn’t even suggest anything, except that (the) thing appears to be in 
three bite. First this about ‘Oral m... something or other,’ and... I've forgotten, and 
secondly this about historians, and then ‘this about a prince or a duke. It leaves me 
with & sense of fun; it strikes me as just ludicrous. I wanted to laugh, especially at 
last bit. Not much connection between the first two bits. ‘Oral mastery’ was the 
word I was after.” (3-5 min.) 

The subject finds in the disconnections a solution of his difficulties. 
He expresses some satisfaction at this solution. But he exaggerates the 
disconnection. He speaks of the piece as a “perfect jumble up of stuff," 
and then divides it into three sections, whereas there are two only. This 
exaggeration is a natural tendency to make absolutely certain of the 
solution when found. And it may be an expression of satisfaction. The 
subject’s wish to laugh at the ‘jumble’ supports the view that laughter or 
amusement is an automatic process tending to deflect difficulties. 


(3) Attribution of success to convenient changes of attitude, 

Subject D, Passage 3. . 

Experimenter’s report: "Moderate speed. Dead sort of expression. No rhythm. 
No feeling for the swing of the passage. Voice drops at change and then speeds up. 
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Subject’ report: “That ега obviously two passages, the first апа last parts 
being continuous and the middle part quite disconnected and modern. The first part 
came from Defoe’s diary of the Plague Year. I stopped having visual images because 
there would be much too much affect with it if one visualized all those horrible swell- 
ings. Then when it switched over it is fairly easy because first half of first sentence sets 
up 8 fresh attitude, and it easily slips back again into attitude of first part after. 
Imagery was very little. I began to visualize people jumping into river and being 
stopped by watch.” (3 min.) 


The subject refers the convenient changes of attitude to нае of 
the passage, and suggests that ite parts had been definitely put together 
in such a way as to awaken the necessary changes of attitude naturally in 
the reader. Undoubtedly this suggestion helped the reader to consider 
the passage more unified. Not every subject refers such changes of atti- 
tude objectively. Sometimes they are referred to his own ability to make 
them. 


(4) Summary. š 

In the first example of this section the subject’s discovery of the 
breaks is a solution of a difficulty in reading, and gives satisfaction. In 
the second the same general state of affairs exists, and the subject tends 
to exaggerate his complaints against the passage. In the third report 
natural and suitable changes of attitude are held responsible for success 
in finding the disconnections. The subject also tends to find unity, 
indicating that the parts may have been conveniently arranged to bring 
about these dian of attitude. 


B. Ох READING SIMPLE PASSAGES. 


Subject J, Passage 9. 

Experimenter's report: “Voice low and not во fast (as in the previous passage). 
Stumbles at ‘having.’ 1 min.” 

Subject’s report: “I don’t think it would make any difference if I read that again. 
It conveys nothing to me at all. The statements may be utterly contradictory. The 
final statement appears to forecast some sort of determinant view, but whether it is 
logical or not I don't know. Glad to notice ‘Judgement’ was spelt with ап “е? I have 
to read it noticing the punctuation exceedingly carefully in order to make any sense 
of it at all. It seemed grammatically quite sensible. I didn’t think there was any 
break in it, but I thought it quite possible it, was drawn from two similar sources." 
(2 min.) 


Here the higher grade cognitive syntheses are absent. The subject is 
able to identify the meanings of the separate words, and of the simpler 
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forms of combination of words in the passage, for it seems grammatically 
sound, and the words appear to be used rightly and naturally. But she 
is not able to organize these simpler meanings into the system necessary 
for full understanding. Having observed that a number of the other 
pieces were compound, she suggests that this may also have been, as an 
explanation of its apparent discontinuity. 
Other subjects make similar reports on reading the same passage. 


Subject D reports: “Well! I can’t understand that passage as a whole and I get 
no representation of its general meaning. The parts don’t fit together in a whole.” 
“Felt doubtful towards end whether sentences were in original order, or whether the 
experimenter had done some jumbling up." . 

Subject G reports: “Look here, it's not a consecutive passage, is 15?” “I mean 
there are gaps." “І must confess the sentence I understand least is the last one, and 
that’s made up of sentences. Am I right?” 


These reports indicate the importance of a high grade cognitive syn- 
thesis, by which parts of a literary composition are apprehended in a 
united whole. Unifying apprehension is as important in reading natural 
units as in reading passages made up of fragments. Without it a literary 
work lacks full meaning, and a simple unit is as likely to be thought 
disjointed as is a compound structure. 


IV. DISCUSSION. 
А. SowE GENERAL REMARKS. 


In normal reading-matter a complete break in rhythm, style, content, 
etc., will be clearly indicated either by beginning a new paragraph or by 
some kindred method. No such indications of breaks were given in the 
compound passages used in this experiment. In the absence of these in- 
dications subjects always tend to treat passages as unitary. This tendency : 
is overcome only when the discontinuity is very great. 

When a compound passage is successfully treated as a whole, mental 
processes, such as concrete imagery, tend to stabilize this synthesis. If 
difficulties are found they may be given automatic rational explanation, 
or set up 8 critical attitude. But grasp of the compound nature of a 
passage is needed for right criticism. Sometimes when a piece of writing 
is treated as a whole in general, there may be a slight and fluctuating 
tendency to treat it as fragmentary. 

Frequently the subject has real understanding of the compound 
nature of a passage. Hven then, however, the tendency to treat the 
matter as a whole often persists, and is expressed in various ways. It 
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may bring about a delay in perception of the breaks. The parta of the 
prose may be found by the subject to stand to one another in relations 
which seem to account for apparent disconnections. One subject thought 
the middle of a triple composition was an illustration of the first part. 
Another assimilated а compound passage consisting of three parts to а 
unified musical form. Explanation in terms of circumstance external to 
the writing may be sought. One subject attributed a peculiarity to an 
error in binding. Remarkable inconsistencies in an explanation may be 
overlooked in making it apply to a passage. 

Often the literary material is accepted as compound. Then the dis- 
covery of breaks is generally a solution of a difficulty for the subject. He 
is released from the conflict set up by the tendency towards unification 
on the one hand, and the tendency towards discreteness on the other. 
The solution gives satisfaction. The relief from tension may lead to ex- 
aggeration of the disconnection found. The subject may be amused. But 
a further complication of the tendency to unification may develop. One 
subject found a passage compound, and attributed this perception to 
convenient changes of attitude in himself. But he was not satisfied with 
this, and attributed the ease of these changes to specially intended 
qualities of the prose. 

Understanding a simple passage is dependent on unification of its 
parts. Great effort is also made to find unity in a compound piece. Evi- 
dently the tendency towards synthesis must be very important to 
comprehension. i 

B. KOME SPECIAL POINTS OF THEORY. 
(a) Concerning compound passages. 

(1) There is a strong tendency to treat a compound passage as a whole. 
Most of the compound pieces used in this experiment were made up of 
markedly different parts. Had the parts been easily connected, this 
tendency might not have been so striking. Frequently it is surprising that 
synthesis was effected at all. But no normal signals of breaks were given, 
and this must be taken into account. In normal reading there is no 
tendency to unite sections separated by commonly recognized indications, 
such as the indentation of a new paragraph. May it be that the tendency 
to synthesis found in this experiment was no more than the absence of 
response to normal indications of breaks? This is not possible, for the 
tendency to treat a passage as a whole when there is no break, cannot 
derive its explanation from the occurrence of the same tendency when 
there is a break. In fact, the use of conventional signs of breaks in normal 
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reading-matter points to the unifying tendency as primary in reading. 
Unless a reader tended to unify matter read, he would need no indications 
of breaks. š | 

Subjects will go, sutomatically, to great lengths in the service of the 
unifying tendency. Many forms of image-synthesis, rationalizations, and 
hypothetical explanations of incongruities are found as expressions of 
this tendency. Subjects will deceive themselves quite unwittingly in 
accepting their own unsound explanations. Even when there is a grasp 
of the compound nature of a passage, the subject often persists in his 
automatic attempts to treat it as a unit. 

(2) The tendency to treat a compound passage as made up of unre- 
lated parts ів also very marked. Like the tendency to unification, it is 
important in reading. This is shown by its taking the place of the tendency 
to unification wherever possible, and leading to satisfaction. A subject 
completes reading a passage either when he finds it seemingly fragmen- 
tary or when he finds it simple. If literary matter—compound or other- 
wise—can be interpreted as compound, the effort of reading is fulfilled. 
If it can be interpreted as simple, then, again the effort of reading is 
fulfilled. But if neither end can be gained, the subject tends both ways, 
and cannot complete the whole process of reading. 

Of the two tendencies, however, that to treat a passage as a whole 
seems to be the more fundamental. The tendency to unification does not 
always cease when the breaks are found, but persists in subtle forms. Only 
when a passage cannot be unified is satisfaction gained from treating it 
as compound. Thus, though treating a piece as compound fulfils and 
terminates the process of reading, it is a negative process. Unless it/brings 
the matter read under some wider scheme of synthesis, it amounts to 
giving up the attempt at understanding. 


(b) Concerning simple passages. 

(1) The secondary nature of the tendency to treat a passage as com- 
pound is well brought out by observing the reading of natural units. 
These the subject will admit to be fragmentary only when he completely 
fails to unify them. And then he will complain in no uncertain terms of 
their being incomprehensible. Evidently the tendency to unification is 
fundamental to reading. Indeed, meaning is primarily dependent on it. 

(2) Synthetic apprehension of a simple passage gives meaning. The 
reader does not find meaning in apparently disconnected words or phrases. 
Then there may be meaning in each word or phrase, but none in the whole. 
Similarly, synthetic apprehension of a compound passage gives meaning. 
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Then the meaning is something created by the subject in his synthesis. 
But, in so far as the incongruities of a piece of literature can be explained 
or made apparently harmonious, it is given meaning as & whole. 
Another, but less obvious, form of meaning is given by analytic appre- 
hension. Meaning resulting from synthesis can be seen readily to consist 
in the form of the parts unified. Meaning resulting from analysis seems 
at first to consist simply in the fulfilment of а tendency to analysis. But 
in fact the meaning again lies in 8 form of synthesis. The words, phrases 
or gentences are found to be unconnected. The discovery of lack of con- 
nection is, however, a mode of apprehension of the relation between the 
parts. They are apprehended together as unrelated save in space and in 
time. The meaning.of the unrelated parts then consists in this apprehen- 
sion of them together. Meaning, therefore, again results from synthesis. 


(c) The “effort after meaning.” 

These results bear a striking relation to Bartlett’s findings in an in- 
vestigation of perceiving and imaging. He concludes that in all acts of 
perceiving there is an “effort after meaning.” This consiste essentially in 
a tendency to escape the felt mental strain set up on the initiation of an 
act of apprehension. Strain is relieved by interpretation of the perceived 
material in accordance with the general character of earlier experience’. 
He is led to the notion of an effort after meaning by observing (i) that 
there is a tendency for the mind to settle towards relatively stable inter- 
pretation of presented material, and (ii) that such interpretation is 
achieved by construction of that material into “organized settings?," 

In the present paper the expression “tendency towards synthesis” 
has been used where Bartlett used “effort after meaning,” and it has 
been argued that meaning results from synthesis. Minute description and 
theoretical analysis have been avoided. It is hoped that Bartlett’s views 
may be treated more fully when other experiments are being reported. 


V. CONCLUSIONS. 


1. In reading compound or simple passages there is a tendency towards 
synthesis of their parts. This tendency is expressed in various mental pro- 
cesses and in interpretations of the matter read. It may persist even after 
perception of the compound nature of a piece of writing is gained.- It is 

1 Bartlett, F. C., (1910). Brit. J. of Psych. уш, 222-86. 
? Bartlett, F. C., op. cit. pp. 231-2, 251 and 201-2. 
3 Bartlett, F. C. (1932). Remembering, Cambridge University Press. p. 227, also 
pp. 20, 44—5, 84, 188. 
J. of Psych. xav. 1 b 
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primary in function in reading, and is the normal basis of the process of 
reading. 

2. In reading compound or simple passages there is also a tendency 
to take them as fragmentary. This tendency is secondary in function. It 
is present normally and leads to criticism and understanding of the nature 
of 8 passage, but it develops fully only when the tendency towards 
synthesis is stopped. ` 

3. Either tendency may lead towards meaning, and to the completion 
of the act of reading. By whichever tendency meaning is reached, how- 
ever, it is ultimately a matter of synthesis. 


(Manuscript received 9 September, 1932.) 


SOME EXPERIMENTS ON FORMAL TRAINING IN 
THE ACQUISITION OF SKILL}. 


By JOHN W. COX. 
(From the Laboratory of the National Institute of Industrial Psychology.) 
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П. The operations investigated (рр. 69-70). 
(a) Assembling operations (pp. 69-70). 
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(4) The rôle of intelligence $n training (рр. 84-5). 
V. Conclusions (pp. 86-7). 


I. Тнк PROBLEMS. 


THE experiments described in this paper are part of a wider research 
which has been in progress for some time in the laboratory of the National 
Institute of Industrial Psychology. The research has been concerned with 
the general problem of the nature and measurement of ability at manual 
assembly operations. Brief reports have already been submitted to the 
British Association, dealing with such questions as how far the teste and 
other measures employed in this research are suitable and reliable 
measuring instruments, how ability at one test is related to ability at 


1 The substance of a paper read before Section J of the British Association, 1932. 
5-2 
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another and to general intelligence, how the improvement brought about 
by practice at a given manual operation (‘improvability’) is related to 
the initial ability shown by an individual, how this improvement is re- 
lated to general intelligence, what are the mental processes underlying 
ability and improvability and, finally, to what extent improvement 
resulting from practice at one operation is transferred to other operations’. 
During the past year, further work on the problem of transfer has been 
carried out and the present paper must be limited to this aspect of our 
enquiry. At the same time, the earlier work is not without bearing on 
the present results, since it has yielded much information relevant both 
to the practical employment of the tests here used and to the interpreta- 
tion of the results. 

The problem with which we are concerned may be generally stated 
as follows: how far does the training of one mental function improve 
other mental functions? The answer, however, may not be so simple and 
straightforward as the question suggests, since it may be affected by 
various factors. It may depend upon the way in which the mental function 
has been trained: one method of training may yield 8 transfer effect absent 
when other methods are employed. In the present experiments two 
methods were carefully distinguished. In one experiment the training 
consisted in repeating the operation at maximum speed for a given 
number of times. This method, which leaves the subject to his own de- 
vices, we shall call ‘practice.’ In the other experiment the repetition 
was accompanied by systematic instruction on points to be observed in 
manipulating the material. This method we shall refer to as ‘training’®. 

The transfer of training may depend, again, upon the nature of the 
function trained, and upon its psychological relation to the other function 
to which transference is sought. It is conceivable that the transference 
may depend upon the relative complexity of the two functions, so that a 
transference occurs from a complex to a simple operation, but not con- 
versely. Orit may depend upon the degree of similarity between the two 
operations, or upon the extent to which one operation forms a constituent 
part of the othér. For this reason operations were chosen for experiment 
which exhibited these three psychological relationships. 

1 A full account of this work will, it 1s hoped, be soon published in book form. 

3 A similar distinction between ‘practice’ and ‘training’ had been previously made by 
Dr C. 8. Myers who, in a paper on Educability given to this Association in 1928, wrote: “A 
fundamental distinction must be drawn between (a) the mechanical repetitive practice of 
an innate ability...and (b) that higher training which leads to the acquisition of the best 


attitude, the best technique and style and an adequate knowledge of general guiding 
principles enabling the best use to be made of an innate ability.” 
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Finally, the answer may depend upon the way in which the transference 
18 effected. This may occur either as an increase in ability or as an increase 
in improvability. If ability is increased, the effect of the practice or training 
at one operation will be to produce an immediate increase in ability at the 
other operation subsequently undertaken: if improvability is increased, 
the effect of practice or training may not show itself at once but will result 
in an increased rate of progress as practice at this subsequent operation 
is continued. 

Before proceeding to the experiments themselves, one further point 
calls for attention, relating to the matter of measurement. All experi- 
ments on transfer involve the measurement and comparison of the im- 
provement shown by different individuals (practisers and controls) at 
some given operation. In our examination of the curves of practice at 
these various manual operations, we found, of course, that the rate of 
progress as practice continued was by no means uniform, but tended to 
diminish as efficiency increased. In conformity with this tendency, in- 
dividuals who ranked low on the scale of ability tended to make a greater 
improvement for a given amount of practice than those who stood 
initially higher; and this was true whether such improvement was 
measured in absolute units or as a percentage of the ability with which 
the individual started. It follows that any estimate of the effect of a 
given amount of practice or of training must take account of the position 
on the scale of ability at which the effect is produced. The effect is not 
necessarily greater in an individual whose score in speed is improved from 
100 sec. to 80 sec. than in one whose score is raised from 40 sec. to 30 sec., 
but, if anything, the contrary. Only between persons of equal initial or 
terminal ability are such comparisons safely made. 


П. THE OPERATIONS INVESTIGATED. * 
(a) Assembling operations. 

The operations investigated were those involved in assembling and 
wiring an electric lamp-holder. After the subjects had familiarized them- 
selves with the mode of assembly by carrying out the complete operation 
three times!, the material was employed as manual tests as follows. 

Screw test. Ten brass blocks of the kind found inside the lamp-holder were placed 
at random on the left-hand third of а sheet of foolscap placed horizontally before the 


subject, and ten small screws were placed at random upon the right-hand third. The 
operation consisted in picking up 8 block and 8 screw, inserting the screw into a hole 


1 Twice in the case of wiring. 
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jn the block, giving it one sharp turn to fix it, and placing the block (with sorew now 
attached) on the middle third of the foolscap. The time taken to insert the ten screws 
constituted one trial; five such trials constituted one test!, and were taken at one 
Bitting. 

Porcelain test. Here the time taken to assemble the pins, springs, large screws and 
blocks attached to the interior porcelain part of the lamp-holder (arranged before the 
subject in а definite order with the small screw already assembled) constituted one 
trial; five trials completed one test. 

Container test. The operation consisted in attaching the porcelain to the two outer 
brass pieces by means of the ring which holds all three together. The additional ring 
which holds the lamp-shade in place was included in the case of adult groups of subjects 
only. Five such trials constituted one test. 

Wedges test. Here the subject was required to insert the two wooden wedges at the 
top of the lamp-holder into the two brass parts into which they fit. As before, the 
material was arranged in a definite order, and five trials formed a test. 

Wiring test. The whole of the various parts of the lamp-holder were arranged in 
definite order before the subject, together with a suitably -prepared piece of wire and 
8 screw-driver, the parts attached to the porcelain being already assembled thereto. 
The complete assembly and wiring-up of these parta constituted one trial; five trials 
formed one test. 

(b) Stripping operations. 

These employed the same material as each of the above testa, but the subject was 
here required to take the object to pieces and to sort out the parts under standard 
` oonditions. Thus in ‘stripping screws’ ten blocks with their screws already in place 
were laid in the centre of the foolscap sheet and the subject was required to undo the 
sorews as quickly as possible, placing the screw approximately on the right-hand third 
of the sheet, and the block on the left-hand third. In the other operations the material 
was sorted into boxes. The same number of repetitions of the operation constituted a 
test as in the complementary assembling operation. 


III. THE PRACTICE EXPERIMENTS. 


These experiments fall into two groups. In the first group the aim 
was to discover how far the effect of practice at any one of the opera- 
tions would be transferred to the other operations; in the second group, 
the aim was to investigate in similar fashion the effect of training, as 
distinguished from practice. 


(a) Subjects. 

The subjects for the practice experiments included both adults and 
schoolboys. The former were drawn from the staffs of the National In- 
stitute of Industrial Psychology and of the City of London College, the 

1 As thus administered, these tests were found to give sufficiently reliable measures of 


ability. Their reliability is described at length in an account of another research, especially 
directed to this question. 
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latter from the top two classes of an elementary school. The adults con- 
sisted of 39 practisers and 31 controls, the schoolboys of 38 practisers and 
32 controls. | 


(b) General plan. 


The general plan followed with our adult groups was to give every 
subject each of the assembling tests and the stripping screws test. These 
constituted his measures of initial ability. He was then placed into one of 
five groups. Four of these were practising groups; the fifth was & control 
group!. Each practising group practised daily, for eleven days, one of 
the first four operations, in both its assembling and stripping forms. The 
practice began on a Monday, was omitted on Saturdays and Sundays, and 
continued until the following Monday week*. A daily practice consisted 
in alternately assembling and stripping a given quantity of material for 
a given number of times under standard conditions. Thus the screwing 
group were supplied with twenty blocks and screws which they alternately 
assembled and stripped in groups of ten until the whole twenty had been 
assembled and stripped five times. The porcelain group assembled and 
stripped twenty porcelains daily in groups of five; the container group 
alternately assembled and stripped forty containers daily in groups of 
five; and the wedges group assembled and stripped fifty wedges in groups 
of five. On the day following the completion of the eleven practices, the 
subjects were again tested on the six operations for which they had been 
measured initially; these latter measures constituted the measures of 
terminal ability. The control group took the initial, and terminal tests 
only, omitting the practice during the intervening period. 

In the case of the elementary school groups, the general plan re- 
mained the same, but the procedure was modified by inoreasing the 
number of trials constituting the initial and terminal measures, and by 
including both the assembling and stripping forms of the' operation 
throughout. The number of practising groups was reduced to two, each 
of whom practised two of the operations in both its assembling and 
stripping forms, and the number of daily practices was unavoidably re- 
duced from eleven to five. By this plan we were enabled to extend the 
enquiry over a fairly wide range of ability and into a large variety of 
operations. 


1 It was necessary to have a control group in order to determine whether the improve- 
ment shown by the practisers in the terminal tests was a genuine transfer, or whether it 
was due merely to the additional practice involved in the terminal testing itself. 

2 With the exception of a few subjects who could not begin practice on a Monday, but 
who conformed in other respecte to the plan. 
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(с) Incentives. | 

In experiments such ав thege it is particularly important that the 
subjects should co-operate whole-heartedly, especially by conforming 
with the condition of working at maximum speed. We were fortunate in 
our elementary school, for the headmaster and staff took an active in- 
terest in the work, and this was reflected in the attitude of the boys who 
were obviously keen to do well at the tests, apart from any other incen- 
tive. At the same time, to minimize the chances of any flagging of in- 
terest and effort during the practice period, we gave a small monetary 
incentive based on (1) the subject’s total score, (2) the number of times 
he beat his own best previous score, and (3) the number of times his group 
beat its own best previous score. The adults, some of whom were them- 
selves trained psychologists, undertook the work voluntarily and were 
offered no special incentive beyond the encouragement of interest in the 
experiment itself. Observation of the subjects at work left little doubt 
regarding the genuineness of their effort. 

It is beyond the scope of the present paper to discuss the relation of 
incentive and effort to ability, but it is noteworthy, (1) that no correla- 
ton was found between the scores made at the tests and the apparent 
effort displayed by the subjects as estimated by two independent ob- 
servers, (2) that subjects frequently attributed a bad score to “trying 
too hard,” and (3) that the boy who made the lowest scores throughout 
had personal reasons for wishing to do well and literally sweated at the 
work. ` 

(d) Results. 

(1) Comparison of groups. The adult groups were too small to provide 
data which could be profitably treated statistically!, but it seemed worth 
while to compare, graphically, the initial and terminal scores of each 
group with those of the controls. Consequently the average score made 
at each of the five trials constituting the test (or total measure) was 
plotted as а graph. Thus charts were prepared for each group, similar to 
that for various combined groups shown in Fig. 1. These provided a ready 
means of comparing the initial and terminal performances of the practisers 
with those of the controls. On examination, it was seen that although 
the progress made by the practisers (i.e. the difference between their 
initial and terminal time scores) was markedly superior to that made by 
the controls in the operations which had been practised during the in- 


* The ‘transfer’ problem was not the sole object of enquiry when collecting these data. 
It formed part of the wider enquiry referred to in the first paragraph of this article. 
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terval between the initial and terminal testing, no suoh superiority of 
. progress was indicated in the terminal scores made at the other 
tests. 
By suitably combining the groups we were enabled to obtain the 
average initial and terminal scores of a much larger group of subjects, all 
of whom had practised some (though not the same) operation other than 


33 Practised Subjects 
17 Control subjects 


Average time in seconda 
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Fig. 1. Э between initial and terminal abilities of 
practised and control groups. 





those for which they were tested terminally. The resulting scores are 
shown in Fig. 1. The five points on each graph indicate the average times 
for the five successive trials. On the left are given the average initial 
scores, and on the right the average terminal scores of all practisers ex- 
cept those who practised the operation in question. Thus the bottom 
right-hand practisers’ curve (continuous line) gives the average scores 
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made at the wedges test by all practisers except those who practised’ 


wedges, and similarly with respect to the other right-hand curves!, 

On comparing these curves with similar data derived from seventeen 
controls (shown in the same figure), it is seen that, with the possible ex- 
ception of the curve for assembling containers, the curves of praotisers 
fall into approximately the same positions on the chart as those of the 


controls, thereby indicating that the practice which these subjects carried | 


out, and which resulted in a large and unmistakable practice effect in the 
operation practised, had no significant influence on the scores which they 
subsequently made at these other operations. Even in the curve for 
containers, the difference between the two groups are small—in no way 
approaching the magnitude of the differences observable in the curves 
of those who practised this operation, and they arise partly from terminal 
weakness in the controls rather than from any marked superiority in the 
practisers, Moreover, they are not confirmed in the data from the school- 
boys, nor in the more detailed analysis of the data relating to the con- 
tainer operation which follows later?. 

A similar result emerged from the data provided by the schoolboys. 
Since these data were derived from larger groups, we were able to ex- 
amine them statistically by computing the probable error of the difference 
between the improvement shown by the practisers (measured by the time 
taken initially minus the time taken terminally) and that shown by the 
controls. In only two operations did the improvement of the practised 
subjects exceed that of the controls: in wedges the excess was 7-8 вес. 
with a probable error of 5-8, and in porcelains the excess was 68 sec. with 
a probable error of 25-7. Neither of the differences is large enough in 
relation to its probable error to be important. 

(2) Additional data on container operation. The operation in which our 
subjects were trained in the experiment to be described later was that of 
assembling containers. Consequently it seemed desirable to make a more 
detailed study of the effects of practice at this operation than was possible 
with the above-mentioned limited adult group, in order that a closer 
comparison with the effects of training might be possible. The number of 
adult practisers at containers was increased to thirteen and the number 
of controls to thirty-one, the same plan and procedure being followed as 
before. From these were drawn groups of equal initial ability by pairing, 


1 The terminal figures for wiring inolude all praotisers, since none practised this operation. 

3 Bimilar results are observable in the ourves of the other operations—assembling 
porcelains, assembling screws and stripping screws. Through limitations of space these are 
not given here, but may be seen on application to the writer. 
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for each operation, as many practised individuals as possible with con- 
e trols making identical initial scores!. Thus the groups were strictly com- 
parable as regards both their total (or average) initial scores, and also the 
initial scores of the individuals composing them. The scores which were 

included within each group covered a wide range of individual ability. 
The initial and terminal scores of these groups are given in Fig. 22, 
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Fig. 2. Comparison between terminal ability of Deseoso and control groups of 
equal initial ability. (Number of subjeots in bracketa.) 


where the five points of the graph indicate, as before, the times taken to 
execute the five successive trials which constituted the test. The terminal 
graphs in these figures confirm our previous observations, since nowhere 
do they indicate а superiority of the practised subjects over the controls. 

The same data are shown statistically in Table I. This gives, for each 
operation, (a) the average improvement made by the practised group (%.е. 
the mean value in seconds of the initial score minus the terminal score), 
(b) that made by the controls of equal initial ability, and (c) the standard 


1 Within a degree well within the limita of experimental error. 
3 For three of the operations only. Bee footnote 2 to p. 74. 
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error of (d) the difference. Only in the case of wiring is there a difference 
of any magnitude in favour of the practisers, and this barely exceeds its , 
standard error. : 


Table I. Showing difference between mean gain of practisers and that of 
initially equal controls with standard error of the difference (seconds). 


Standard 
Test Praotisers Controls Difference error 
Assembling sorews 23:3 22-7 + 0-6 16-5 
Stripping screws 86 9-5 - 0-9 67 
50-4 86:3 – 85:9 31.6 
Wedges 6-4 12-4 - 60 10-3 
Wiring 73:9 30-1 4-43-8 38.3 


IV. THE TRAINING EXPERIMENT. 
(a) General plan. 


In view of this failure of transference of the effecta of practice in one 
operation to others, it was of further interest to enquire whether or 
not there was any transfer of the effects of training. Consequently 
&nother experiment was carried out with the same general plan and con- 
ditions, with the exception that the high-speed repetitive practice whioh 
intervened between the initial tests and the terminal re-tests was now 
replaced by! training, in which the subject effected far fewer repetitions 
of the operation, but, in the time thus saved, was given instruction in 
general principles and specific points relating to the best methods of 
carrying out the assembling operation. Thirty-six new subjects, similar 
in character to our former adults, were tested as before, trained on the 
container operation, and then re-tested. The eleven daily training periods 
were of approximately the same length as the former practice periods, 
and the initial and terminal testing took the same form as in the practice 
experiment. 

(b) The training scheme. 


The training was based upon an introspective analysis of the mental 
activities involved in carrying out these manual operations (which the 
writer had practised), and on observations made while watching the 
previous subjects at practice. The aim of the course was to impart a 
knowledge of certain general principles underlying the skilful handling 
of assembly material, and to provide specific exercise in applying them 
to one assembling operation, namely, the container operation. The scheme 
fell into two sections; in section I the general principles were explained, 
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and section II consisted of special exercises, based on the container 

operation, which the trainee was asked to carry out. These exercises 
aimed at showing how to apply the principles. They fell into five groups 
as follows. 


The first group of exercises dealt with such matters of general method as the 
arrangement of parts on the benoht, their order of assembly &nd the manner of holding 
them.. 

The second group might be called ‘eye observation exercises’: they showed what 
to observe through the eyes while engaged оп the assembly operation. 

The third group might be called, correspondingly, ‘finger observation exercises’: 
they indicated the things to be observed through the fingers. In the eye exercises the 
trainee was asked to look carefully at what was happening and to pay special regard 
to certain visual aspects of the shapes of the items and to the spatial relationship into 
which they should be brought. In the finger exercises the trainee was required to pay 
special attention to the ‘feelings’ in his fingers as they carried out the movements and 
to notice carefully certain aspects of this experience. Just exactly what to notice was 
made clear in each exercise. 

The fourth group comprised exercises in the control of attention and of effort: they 
aimed at showing how these may be most economically employed throughout the 
operation. 

The fifth and last group afforded practice in applying the results of the foregoing 
exercises to the operation as a whole under normal conditions of work. 


This scheme was ‘administered in the form of eleven lessons corre- 
sponding in time to the periods devoted to practice by our previous 
groups. Each lesson opened with a brief verbal revision of the chief 
points already dealt with. Attention was then directed to the ‘point’ of 
the next exercise, which was explained and demonstrated by the trainer. 
The subjects then did the exercise themselves, paying special attention 
to the point in question. Each exercise was repeated several times, the 
whole being treated as an observation exercise rather than one of mere 
speed. When all the exercises had been taken (by the eighth or ninth day, 
according to the group) the remaining days were devoted to revising the 
chief points and dealing with points (bad methods, etc.), observed in 
individuals during the speed tests with which each lesson concluded and 
which constituted the subject’s daily measure of ability. 

The speed tests consisted in first assembling and then stripping five 
containers, and were worked as follows: days 1 to 7, once; days 8 and 9, 
twice; days 10 and 11, three times. 


1 The matter of arrangement was included here for completeness but was not allowed 
to enter as a factor in the terminal tests. These were performed under the same external 
conditions as applied to the initial tests. 
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Thus altogether the training consisted of talks, exercises based on the 
container operation, and 85 repetitions of this operation, as compared. 
with the 440 repetitions which constituted the practice of our former 
subjects. 

(c) Results. 


(1) The effect on ability. As the data were obtained they were ex- 
amined graphically as before. After the training, each of the trained 
groups showed a marked superiority over the controls in the various 
operations for which they were tested (tests of terminal ability). These 
differences were so large as to suggest at once that the effects of the train- 
ing had transferred to the other operations. The issue was, however, com- 
plicated by the fact that some ‘difference in ability was observable be- 
tween the controls and the trained groups before the training was given 
(#.е. in the initial scores). To overcome this difficulty as before (see p. 75), 
we paired, with respect to each operation, as many trained individuals 
as possible with partners of equal initial ability selected from among the 
controls. Thus were obtained groups which were strictly comparable both 
as regards total and individual scores. The resulting graphs are given in 
Figs. 3 and 4, where it is seen that all the trained subjects are much 
superior to the controls with whom they formerly scored equally. 

Since this terminal superiority, ав shown in the graphs, is an average 
result, it remained to determine its statistical significance. This was done 
by computing how far the average terminal improvement shown by the 
trainees exceeded that of the controls, and the standard error of this 
difference. The results are given in Table II. In every operation except 
wedges the difference well exceeds three times its standard error; and in 
the wedges operation it closely approaches this standard. The terminal 
superiority of the trainees must therefore be considered as statistically 


significant. 


Table II. Mean gain of trainees and that of initially equal controls, 
with standard error of difference (seconds). 


Standard 
Test Trainees Controls Difference error 
Assembling screws 30-9 no + 25-9 1-11 
Stripping sorews 33-8 8-7 + 25-1 3:75 
Porcelains 103-0 63.3 + 99-7 27-96 
Wedgea 20:6 4-7 + 15-9 6-12 
Wiring 161-6 56-3 +105-9 32.4 


(2) The effect on improvability. So far, our study of training has been 
confined to an examination of its effect on the ability shown in the 


Average time in seconds 





Fig. 3. Comparison between terminal ability of trained and control groups of 
equal initial ability. (Number of subjects in brackets.) 
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Fig. 4. Comparison between terminal ability of trained and control groups of ` 
equalinitial ability. (Number of subjeots in braokets.) 
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terminal tests. We may now consider its effect on improvability—how 
far does training influence one’s rate of progress at an operation subse- 
quently practised? For this purpose thirty-five of our trained subjects 
practised the wedges operation under the same conditions as held for our 
former practisers (3.6. the untrained group). As the data were obtained, 
the results were plotted in the form of the graphs shown in Fig. 5. These 
show the average time taken to assemble five wedges (one trial) over each 
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Fig. б. qu operation. Graphs of trained and untrained groups. 
mam of subjects in brackets. ) 


successive half-practice (twenty-five wedges) by (a) three groups of 
subjects previously trained on containers and (b) two groups of untrained 
subjects. The graphs showing the results of combining the (a) groups and 
the (b) groups are indicated by deeper continuous and broken lines 
respectively. The untrained subjects number eleven throughout; of the 
trained subjects, thirty-five completed the first three days’ practice (the 
first six points on the graph), after which the number who were able to 
continue the practice is given on the graph itself, 
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On comparing the graphs of trained with those of untrained subjects, 
the interesting fact emerges that, in general, the former take a steeper 
downward course, indicating a more rapid rate of progress, than do the 
latter'. Whereas we have invariably found that curves of untrained sub- 
jects draw closer together as practice continues (as do their curves in 
Fig. 5), it will be seen that the curves of the trained subjects tend to 
draw farther away from those of the untrained subjects, owing to their 
more rapid descent. This means that not only is the rate of progress of 
the trained subjects greater than that of the untrained subjecta actually 
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Fig. 6. Wedges operation. Practice graphs of trained and untrained 
groups of equal initial ability. 
represented in the figures, but much more so than we should have reason 
to expect of untrained subjects who had attained to the speeds actually 
achieved at any point by the trained subjects. 

While Fig. 5 enabled us to compare usefully all the data with respect 
to relative rates of improvement, it would be erroneous to suppose that 
the absolute differences in ability shown between the trained and the un- 
trained groups as practice proceeds can wholly be attributed to the train- 
ing factor, because these groups were not of equal ability at the beginning?. 

1 The difference for the whole task (twenty-five wedges) at any point of practice is, of 
course, five times as large as the difference shown between curves in the figure, since the 
curves indicate the times taken to do one-fifth of this work. 

1 And similarly as regards the absolute improvement made by the groups. 

J. of Psych. xxiv. 1 6 
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Valid comparisons of this kind are possible only between groups initially 
equal in ability. We have therefore paired off as many as possible of our 
trained subjects with untrained subjects of equal initial ability at the 
wedges operation (as measured by the wedges test which immediately 
preceded the practice at wedges). The practice curves of these initially 
equal groups, thus selected from the data of Fig. 5, are shown in Fig. 6, 
whence it is evident that the group which had received previous training 
excels over the untrained group from the first day of practice and main- 
tains a higher rate of progress afterwards}. 

Although this result is based upon the limited number who could be 
thus paired as equal, it is not unprofitable to ask how far this observed 
difference between the two groups is statistically significant, for only in 
the light of such a statistical check can it be seen whether the difference 
is typical of the groups as a whole, or whether, on the contrary, it arises 
from the abnormal performances of one or two individuals. We have 
therefore determined the standard error of the difference between the 
gains (in time score) made by the groups over the first four days of 
practice (2.є. up to points 7 and 8 of the graphs). This proves to be 1-93 sec. 
Seeing that the difference itself (9-9 sec.) exceeds five times this value, it 
can hardly have arisen from the chance variations of individual scores. 
It seems most readily explained by the training on containers which the 
superior group had received before beginning this period of practice. The 
effect of this training seems clearly to have transferred in both a ‘static’ 
and a ‘dynamic’ sense, for not only are the trained subjects of superior 
ability at any given point of the curve, but their potentiality for further 
improvement under similar conditions of practice is greater. 

(3) Comparison between practice and training curves. Finally, we may 
enquire how progress made during the training period compares with 
progress under conditions of practice. In so doing it should be remem- 
bered that the problem of transfer was the chief consideration when 
planning the training. Consequently this was not arranged with a view 
to the development of maximum efficiency at the container operation 
within the training period. The scheme aimed at instruction and illustra- 
tion rather than at speed. The operation as a whole was repeated only 
85 times during the training period, as compared with the 440 times 
during practice. For these reasons the training curve does not represent 
the efficiency that might have been attained had the training aimed at 
the production of mere speed in the container operation itself by a 


1 As before, the absolute time differences between the groups for the whole task (twenty- 
five wedges) is five times greater than the difference shown by the graphs (five wedges). 
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judicious blending of practice with instruction. At the same time, а 
comparison of the daily scores made by the trainees with those of the 
practisers is instructive in showing the effect of substituting in large 
measure oral and visual instruction for mere repetition. 

The relevant curves are given in Fig. 7, where the heavy broken line 
indicates the daily scores of the practised group and the other broken 
lines show those of various groups of trainees. The latter are combined 








Average time in seconds 





1 2 8 4 5 6 7 8 9 10 11 
Day of training (or praotice) 


Fig. 7. Assembling containers. Comparison between practice and training curves. 
(Number of subjects in brackets.) 


in the deeper continuous line which gives the average daily score for the 
whole thirty-six subjects. In every case the total progress of the trainees 
exceeds that of the practisers. А. similar result is seen in the stripping 
curves, although in this simpler operation the difference between the two 
groups is less marked!. : 

Fig. 8 shows similar data for groups starting ‘initially’ equal, selected 
from the data of Fig. 7 by pairing, as before, individuals initially equal. 


1 The stripping curves are not given for reasons stated in the footnote 2 to p. 74. 
6-2 
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The additional practice gives the practised group the advantage at first; 
but by the eighth day the trainees have caught up to them. By this time 
the practisers had repeated the operation 300 times, whereas the trainees 
had repeated it only 40 times. 

A similar result is seen in the curves for groups initially equal at 
stripping containers!. In this simpler operation the rate of progress after 
the first day is much the same for both groups, but the trainees never 
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Fig. 8. Assembling containers. Comparison between е and training 
curves for groups of equal initial & 


quite recover from the advantage which the much larger number of 
repetitions gives to the practisers on the first day (forty repetitions as 
against one). 

(4) The róle of intelligence in training. It is an important practical 
consideration to ask how far the ability to profit by the training course 
may depend upon the trainee's general intelligence. This question shows 
two aspects: (1) how far the ability to understand and apply the ideas 
during the training period was an expression of the subjects intelligence; 
and (2) how far the ability to transfer &nd apply these ideas to the opera- 


1 Bee footnote to p. 83. 
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tion (wedges) which the trainees subsequently practised depended on 
their intelligence. 

To answer the first question, all subjects took the test of the National 
Institute of Industrial Psychology for general intelligence (Group Test 
33). The correlations of this test with total progress made during the 
training period were as follows: with absolute improvement at assembling 
containers, — 0-05; with absolute improvement at stripping containers, 
— 0-41; with percentage improvement! at assembling containers, 0-03; 
with percentage improvement at stripping containers, — 0-38. 

It is at once clear, from the absence of positive correlation, that 
general intelligence has played no large part in determining progress 
under training. It should be added that the negative coefficients must 
not be taken to imply that the possession of intelligence was a handicap 
to progress in the stripping operation. They are readily understood in the 
light of the relations which we have invariably found to exist in our 
numerous practised groups between these functions (intelligence and im- 
provement) and ability. Whereas intelligence tends to a small positive 
correlation with the ability which a subject initially displays at these 
operations, this ability itself tends to exhibit a marked negative correla- 
tion with the amount of improvement produced by subsequent practice. 
For this reason we should expect intelligence likewise to exhibit a negative 
relationship with improvement in operations of this kind. 

To turn to the second question, the correlations of intelligence with 
the total progress made at the operations which the trained subjects sub- 
sequently practised were as follows: with absolute improvement at as- 
sembling wedges, 0-15; with absolute improvement at stripping wedges, 
— 0-16; with percentage improvement at assembling wedges, 0-26; with 
percentage improvement at stripping wedges, — 0-08. 

Here again, general intelligence can hardly be said to have been 
serious determinant of progress, although it appears to have played a 
somewhat larger part than when directly applied to the training (in the 
container operation). Both here, and during the training period, the co- 
efficients suggest the somewhat greater importance of intelligence in 
assembling than in stripping, and in training than in practice. It was our 
aim to present the training ideas as simply and clearly as possible, and 
perhaps the most interesting indication given by these coefficients is the 


1 I.e. the gain in time shown at the end of the training period over the initial score 
Sere аза региешәде of Ше initia! ee 
1 Expressed differently, the higher one is on the scale of ability the harder it becomes 
to make further progress. 
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small part played by intelligence in the assimilation and application of 
these ideas. 


V. COoNOLUSIONS. 


Skill, developed by the mere repetition of one manual operation, con- 
fers little advantage on the performance of other operations that may be 
subsequently undertaken. Where, on the other hand, repetition is re- 
placed by suitable instruction, the skill thus developed at no additional 
cost in time tends to transfer to other operations over a fairly wide range 
of manual activity. This transfer is manifested not only in superior 
ability, but also in a superior rate of progress. The advantage thus con- 
ferred by training was obtained, in the present experiments, without any 
loss of efficiency during the training period. 

These results appear of great practical significance wherever work 
requiring manual skill is involved—especially when it is remembered that 
the limits of proficiency to be attained by training may far exceed those 
attainable by uninstructed repetition. These results indicate the wastage 
that must be produced by the usual practice of allowing beginners in the 
assembly room to drop into the work as best they can. And they suggest 
that a very real advantage would follow from the replacement of this 
current crude procedure by a short course of systematic training in the 
general principles underlying manual control, illustrated by specific 
examples from manual operations. A like procedure may be frequently 
adopted with advantage for other forms of manual activity, such as the 
work of our scholastic manual training centres, and ‘coaching’ for games, 
where often the so-called instruction offered resembles practice rather 
than training. 

It is hardly necessary to add that, however important the effects of 
training may prove to be, they in no way negative the importance of 
enquiring into the effects of practice, for the two lines of enquiry, al- 
though similar, are not identical. What might have been transferred in 
practice need not be the same as what actually was transferred in training. 
A transference of practice effects would have suggested that the increased 
skill developed through practising one set of muscular co-ordinations had 
been transferred more or less directly to other series of co-ordinations in 
relative independence of the subjects’ ideational activity. In other words, 
it would have suggested a transference on the neuro-muscular plane. The 
fact that no such transference was found even in our more complex opera- 
tions suggests that the development of skill, when restricted to this neuro- 
muscular plane, is highly specific in its effects. On the other hand, con- 
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sideration of the training scheme and of the subjects’ introspections 
suggests that the transference in the training experiments was effected 
at the ideational level—there was no general change in the lower neuro- 
muscular mechanisms but rather an increased facility in dealing mentally 
with situations that involve the use of the muscles concerned. 

То discuss this question in relation to the general motor factor which 
we found to run through these operations, and to general intelligence, 
would carry us beyond the scope of this paper. But if we ask, in con- 
clusion, how far this transference of ideas is due to innate general in- 
telligence and how far to knowledge, wisdom or experience, the reply 
would seem to be, to the latter, since little correlation was found between 
general intelligence and the improvement, absolute or percentage, which 
the trainees subsequently made at the wedges operation. That this trans- 
ference depends less on innate intelligence than on use of the knowledge 
acquired during training leads to the interesting corollary that training 
of this kind should be effective wherever there is present the modicum of 
intelligence needed to understand the simple ideas involved in the 
exercises. 


In conclusion, I would express my indebtedness to Dr C. 8. Myers for 
valuable suggestions made throughout the research. 


(Manuscript received. 16 December, 1932.) 
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I. INTRODUOTION AND SUMMARY. 


In a short letter (1) entitled “The general factor in Spearman’s theory of 
intelligence,” I gave, without detailed proof, a method of obtaining 
explicit expressions for this general factor g and the specific factors. It 
was at one time asserted (3) that g was unique if the tetrad relations were 
satisfied. This statement was challenged by E. B. Wilson (4), and it has 
now been withdrawn (5). J. O. Irwin (6) has shown that if one obvious slip 
in Wilson’s expression for g is corrected, the result is equivalent to that 
given by me. B. Н. Camp(7) uses geometry of № dimensions, a 
formidable subject even to mathematical specialists. Another treatment 
has been given by H. B. Heywood(8, but this also is addressed to 
mathematicians. It is not surprising that a standard treatise(9) should 
state that “to probe the foundations of this theory...may need mathe- 


1 My article “Mathematics and Psychology” in the Mathematical Gazette (2) ів a sketch 
of Bpearman's theory for mathematicians with no knowledge of psychology. 
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matical aptitude and training of high order." However, I believe that 
this is no longer the case, and that apart from the novelty of some of the 
resulte, one of the merits of the treatment in the present paper is that it 
uses only elementary mathematics and the simplest parts of the theory 
of correlation, such as are familiar to every psychologist who works with 


` mental tests. It is hoped that sections VII and X may be of practical 


value in preventing the useless expenditure of much time and energy, 
for they show that a single very good test does more tewas fixing g 
than all the other tests combined. 

The chief novelty in this paper is the prominence given to certain 
conditions, in addition to the tetrad relations, which must be satisfied 
before the two-factor theory is applicable. Two conditions are necessary 
to ensure that the factors shall be real. These are usually satisfied in 
practice, but there is а further condition necessary if g is to be unique 
except in sign. The ambiguity in sign (which does not seem to have been 
noticed previously) is easily explained in the case which occurs most 
commonly, but in general its interpretation is not clear. After а dis- 
cussion of the effects of pooling tests, the conditions of sections VI and 
VII are'exemplified by a dice problem (suggested by the work of G. H. 
Thomson); g exist$ and is real, but its numerical value is indeterminate. 
Finally we examine the actual sets of mental tests collected to support 
the two-faotor theory, and we find that no set completely satisfies the 
condition for numerical uniqueness of g, though recent sets do so more 
nearly than the older ones. Thus it appears that the numerical uniqueness 


. of a general factor in mental tests has not yet been demonstrated, but 


that the evidence in support of it is becoming stronger. On the mathe- 
matical side there seems little remaining to be done. At one time some 
doubt existed as to the validity of the fundamental mathematical 
theorems, but the identity (in my opinion) of the conclusions reached by 
Wilson, Camp, Heywood, and myself!, using different methods, en- 
courages the hope that these results are now firmly established. As for 
the probable error of the tetrad differences, formerly another con- 
troversial matter, the treatment by J. Wishart(0) has not been chal- 
lenged. 

1 I started from an algebraio transformation of Spearman’s theorem (loc. cit. p. v, 
line 13 to p. vi, line 12). This proof of the existenoe of g when the tetrad relations hold is 
the vital part of the mathematical side of Spearman’s work, and I do not agree that it is 
unsound or “indicated without giving a formal proof.” Moreover by the words “i = any 


new variable uncorrelated with all the others” Spearman was the first to show that g is 
indeterminate. 
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II. NOTATION AND DEFINITIONS. 


We shall use A to denote briefly a set of N numbers 4,, Á,, ..., such 
as those obtained by the application of the same mental teat to N 
persons. 4 is used for the arithmetic mean, and the differences ° 

— A, A, — Å, ... are denoted by a, аз, ... respectively, so that the 
arithmetic mean d is zero. Except when otherwise stated, in all the 
following work the numbers a,, as, ... will be supposed to be divided by 
such a common factor as to reduce their standard deviation c, = (Za3/ NJ 
to unity. This is what is meant by expressing the set of numbers $n standard 
measure. ' 

Now take K such sets, say A, B, ..., each consisting of N numbers, 
and try to express them in terms of (K + 1) other seta G, S4, Ss, ..., no 
two of which are correlated, and of 2K constants m, , ть, ..., Ras f, ..., by 
equations such as 

O = Mag F uS aa (1), 

b = mg +H ms 0 0 7 00 0. (2). 
Each equation such as (1) is an abbreviation for N equations, &s a can 
take any one of the N values a,, ax, ..., with a corresponding set of values 
for g and 84. (But m, and n, are constante which occur unaltered in each 
of these N equations.) It will be convenient to use the term averaging 
to denote the process of taking the arithmetic mean of the expressions of 
a given type. Thus by averaging a, а?, and ab we get respectively à, ол, 
and o,0,f,,, where rg, is the coefficient of correlation between the sets 
А and B. Ав we have used standard measure, these three averages 
reduce to 0, 1, and rq, respectively. 


ПІ. ANALYSIS OF THE MATHEMATICAL PROPERTIES THAT 
g MUST POSSESS, IF IT EXISTS. 


As a preliminary to the formulation of our definition of g, we in- 
vestigate the relations which must be true if equations such as (1) 
and (2) hold good. Equating the product of the left-hand members of 
these equations to the product of the right-hand members we get 

ab = Mg My J? + Mg Ny G8 + My ña J8q + ать 858, 
whence, averaging and remembering that g and the 8 8 are mutually 
uncorrelated, 
To = MyM nes (8). 
Similarly Toa = MoMa 
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Interchange of the suffixes b and c does not affect the right-hand member 
of this equation, hence 


fa fca — Тюа=0 ae (5). 
- This is the well-known tetrad relation. Similar relations must hold for 
every four suffixes. 
Again, from (1), ag = Mag? + з], 

hence, averaging, Tag = Ma. 
Similarly r, = My. 
Hence, using (3), Таъ = Ma My = Tag Tog нз (6). 
Using this and similar results for r,, and ту, 

(ra raf) = (Yay т т т) — Tag ses (1). 


From (7), тш will be real or imaginary according as (rra rye) is positive 
or negative. Equation (6) shows that т, will be real if r, is во. Similarly 
Tag; Togs Teg) ... ae either all real or all imaginary. Equation (7) also 
shows an ambiguity in the sign of r,,, but from (6) the sign of r, is fixed 
when that of fa is given, and similarly for r,,, .... In the tests quoted in 
Section X, ra, Tac» ^о, -.. are all positive, and hence тш, ты, ... are real 
and either all positive or all negative. 

Squaring each side of (1) 

ай = ma? g* + 2manag8a + nA, 84%, 

hence, averaging 1 = m,?+ na, 
and n -—-l—-m*-l—-r& 0 (8). 

Now choose multipliers w4, Ws, ... such that the coefficient of corre- 
lation between g and the combined test š = У, о may be a maximum, 
where # is to be in standard measure. 


Averaging the relation tg = XZ, ag, 


we get Tig = Иб, а (9). 
Also averaging 02 = Lwa? + 222710, ab, 

we geb 1 = Ew, + 2272404107; 

80, using (6), 1 = Zw + 2224010747 Tr» 

i.e. 1 = (Eista)? + E Qo — о) ......(10). 


From (9) and (10), 107% = 1+ [E {w (1 — £7*,,)/(Zw,r.)?] 


во 7*,, is greatest when & {w,? (1 — r*,))/(Zw,r,,)* is least. 
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Some writers have attempted to obtain the maximum value of fọ by 
equating to zero its partial differential coefficients with respect to 
Wg, Wy, .... However, such a method gives a value that may bea maximum, 
or a minimum, or neither. To avoid this uncertainty we proceed as 
follows. 

From the identity 


[E wa т) bres 





— (Eb, ra)" 


=> [= abg (1 = ri.) 3⁄8 Vs Tas (1 == i 
(1— ra) (2ra J? 


of which the right-hand side is a sum of squares, it follows that the least 
value of either side is zero. Dividing each side by 


E= > 


which is positive, when rf, , 7%,,, ... are all positive and less than unity, 
we see that the least value of 


; 1 
EQ Емо) is 1/ [2 D | p вау, 
so from (11) the greatest value of r,, is 





(1+1/8)-4={8/1+5)#  .. (12). 
This maximum is attained when 
Wa (1 — 72) |а = Wy (L — rí)/r, =... = А, say ...... (13). 


From (10), 
1- v [f = J +z a Tag Je № (8% + 8) ......(14). 
From (13), the greatest 7, corresponds to t = AX i T , and of the 
ag 
two signs for À given by (14), the positive makes t,7,,, tof, , ... all 
positive, giving r,, positive. The negative sign for À makes r,, negative, 
giving the minimum instead of the maximum. 


Now make an estimate of g in terms of t by using the regression 
equation 











(estimated g) — g = (a, fu[o:) (t — t). 
Ав we are using standard measure, this reduces to 


estimated g = rat, 
or, using (12) and (14), 


ыга 


: 8 \t аты 
estimated g = (=s) ХЕ ү", = gies ed (15). 
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Now put g—W =k ae (16), 
where & is a constant chosen to make о; = 1. 
Squaring and averaging (16), 

| l— 2% + r3, = К, 
go from (12), ke = 1/(1 + 8). 
From this and (16), i 

Gag 

“ine = E= iJ + Ti qme (17). 
From (1), (8) and (17), 


= fac аа Wag 
>il = Lege. + tea (18). 
The significance of the terms involving + occurring in equations (17) 
and (18) is discussed in section VII. 

These equations also show that g will be imaginary if fag, 7, ... are 
во, and s, will be imaginary even if g is real, if *,, is greater than unity. 
These cases were excluded in our determination of the maximum value 
Off. Again, there is an ambiguity! in the sign of g, due to the ambiguity 
already mentioned in the signs of fas, fəs, .... In the usual case, when 
Tan» fac» Tee, ... are all positive, and consequently (as already proved) 
Tag» Tog, --. are all real and of the same sign, the value of g corresponding 
to positive values of fag, Tag, ... seems to indicate something in the nature 
of general ability, and the value of g corresponding to negative values 
of fags Tog, ... something in the nature of general lack of ability. But in 
the more general case when f, feg, ... ate real but not all of the same - 
sign, it is difficult to recognise which value of g indicates ability and 
which lack of ability. As PA the ambiguity in the sign of s4, due to the 
+ before the factor (1 — 1*3), it seems clear that the positive sign 
indicates specific ability for the test a, and the negative sign the lack of 
this ability. 





IV. DEFINITIONS OF g AND 8. 


We now investigate the converse of the results obtained in the last 
section. Starting from a number of tests* which satisfy the tetrad re- 
lations (without any of fa, fao» Ты, ... being zero), it follows that 

Tay taolteo = ТоТ] ъа = TaeTaa/ Teas 
so the value of (rar,,/r;.)3 is independent of b and c, and depends on a 
alone. We denote either of its two values (positive and negative) by a. 
,! First mentioned in my r letter to Nature (11). 


É It is usual to insert the adjective dissimilar before tests, but we omit it for the reason 
stated in section X, where we discuss how to select five tests from Kelley’s nine. 
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When the existence of g has been established it will follow, as in Section П, 
that а is the same as Tag, but it seems illogical to use a symbol referring 
to g before g has been defined. Similarly we use 8 for what will later 
prove to be the same as ты, and so on. The sign of B is to be fixed in 
terms of that of « by the equation, corresponding to equation (6), 

Tob = ap ...... (19). 
Similarly we define y, 8, ... and fix their signs in terms of that of «. 

We now define g and s, by what equations (17) and (18) become 
when f,,*7,;,... are replaced by а, B,... and where + denotes an 
indeterminate set of N numbers (reduced to standard measure, like 

5, ...) of which all that is postulated is that it is uncorrelated with any 
of the sets a, b, .... 

It will simplify the subsequent work to show that these definitions 
give g and s, in standard measure. Averaging the modified forms of 
equations (17) and (18), we see that the arithmetic means of g and s, 
both vanish. Squaring the modified (17) and averaging, we get, 

1 aß Tab 1 
2 — EE CR ы... N 
ва [ар = gong om) S 
But from (19), Ta = af, 
and 
2: 


80 


оз Ba „йы k gs NER UN ба 
(Т — o) (1 — BS) FE егу 5 gp 


° 1 a 1: _ S+ S 1 m 
viste eR 


Similarly, squaring the modified ү and averaging, we get 


a? 2a. 


TIERS lr tag i 4] 
= (1 — a)" L Ф pig 8% 


о? 2a? (a В? +.) 


TES I4S84|1 I-e I-P 


= (1 а2)1 [1+ 045) =1. 
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V. PROOF or SPEARMAN'8 TWO-FACTOR THEOREM. 
Eliminating $ from the modified (17) and (18) we get 
a =ag + (1 — atsa — 7 2 (20). 


Squaring (20) and averaging, 
1 =a? + 2а (1 — aS) ru, + (1 — a), 


во кы = 0. Similarly ғ 0 sevens (91). 
From (20) and a similar equation for b, by multiplication, 
ab = apg" + B (1 — at} gag + a (1 — Bigs (1 — а) (1 — Віз, оь, 
whence, averaging and using (19) and (21), 
Ta = ra + (1 — a? (1 — Brus, 
80 Toop C e sss (22). 


Similarly the coefficient of correlation between any other pair of s's 
vanishes. j 

It may be well to emphasise that in sections IV and V there is no 
assumption of linearity of regression or of the possibility of expansion 
by Taylor's theorem. Section III certainly contained a regression 
equation and so assumed that the regression was linear, but this section 
was merely preliminary and inserted to suggest the definitions in IV 
and V. From a purely logical point of view section III (including the 
determination of the maximum of r; and the conditions thereby imposed 
„00.7217, 7749, ...) could have been omitted without affecting our definitions 
or proof. 

The nature of the definition of g may become clearer if we consider 
the special case when all the coefficients of correlation rz, Tae» Tc) ... have 
` thesame positive valuer, givingr,, = ты = ... = + rh, and S = KrJ(1 — r), 
where K is the number of teste. Equation (17) becomes 

| ri (Za) (l= т: 
PE тигу ж (or жү RH (23). 


For large values of K this gives the approximate equation 
1 (Хар (1 — 0h 
—LA4lm)ct—i ee 4), 
eat ua 29 
t.e. for large values of К the determinate part of g is in this case approxi- 
mately a numerical multiple of the arithmetic mean (Za/K). 
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VI. NEOESSARY AND SUFFICIENT CONDITIONS FOR 
THESE FACTORS TO BE REAL. 

The discussion following equation (7) in section ITI shows that g will 
be real if the signs of fa, Т Prso are all positive, or if one is positive and 
two are negative. If all three are negative, or if one is negative and two 
are positive, g is imaginary. To construct an example of the second case, 
take НЕ 

ra = — М(— 1), fy, = 08 x ¥(— 1), 

Teg = 05 x +/(— 1), Tag = 0-4 х 4/(— 1). 
These give fa = r 1», = 0:8 and so on, leading to the table of correlations 
(satisfying the tetrad relations) 


' a b c d 
a s= 0-8 0-5 0-4 
b 0-8 = — 0-4 – 0:32 
с 0-5 -04 . — -02 
d 04 —0:32 -0-2 — 


Similarly the discussion following equation (18) shows that s, will 
be real when g is real if 7%. does not exceed unity!. 
Ав P = ag fs 
and r?,, cannot exceed unity, only one, at most, of r*,,75,,... can 
exceed unity, so only one, at most, of $,, 8, ... can be imaginary. To 
construct an example, take 


Tag = 2, Tog 04, Ta = 03, Ta, = 0-2, 
giving the table of correlations (satisfying the tetrad relations) 


a b c d 
a — ` 08 0:6 .04 
b 0-8 — 0-12 0-08 
c 0-6 0-12 — 0-06 
d 0-4 0-08 0-06 — 


To sum up, the necessary and sufficient set of conditions that g, 8,, 8,, Из 
тау all be real 1s that, taking a, b, о to be those three tests which make 
fayfoc[fy, numerically greatest, this value shall not exceed unity and shall 
occur with а positive sign. 


VIL. THE NECESSARY AND SUFFICIENT CONDITION 
FOR g TO BE UNIQUE EXCEPT IN SIGN. 
We have already pointed out that equations (17) and (18) both con- 
tain a term involving the indeterminate set of N numbers t, which are 
arbitrary except that their arithmetic mean: is zero, their standard 


1 The possibility of r!,, exceeding unity was first pointed out by Heywood (8), p. 497. 
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deviation unity, and their coefficients of correlation with each of the 
K linearly independent sets a, b, ... (all expressed in standard measure) 
are zero. It is easy to show that these conditions give K linear equations 
and one quadratic for (N — 1) unknowns. If (N — 1) were less! than 

K + 1 there would be no solution and the indeterminate part of g would 
` be zero. However in practice N is taken large to reduce the error of 
sampling'as much as possible and so is much greater than K, and $ is 
then highly indeterminate, and consequently g is indeterminate also, 
unless the coefficient of ¢ in equation (17) is zero, 





t.e. unless . (14+8)4*=0 

giving; Ә= о0о. (25), 
7, Ta 
i he. > ES esa Ov — — uix (26) 


When the tetrad relations are satisfied, formal expressions for g, 8a, 85, ... 
exist. When the two conditions of section VI are satisfied, these expressions 
are real. When (26) is satisfied, these real expressions are unique except in 
sign. Thus for the two-factor theory to be valid in a form applicable to 
psychology, three separate sets of conditions are necessary and sufficient. 

The condition (26) can be satisfied in two ways. If we can devise a 
set of three tests such that ттш, = ты, then тї, = 1, and (26) is satisfied 
irrespective of the second and following terms in the summation. In 
this case (17) reduces to g = + a, 80 a by itself is a test of g. 

If no such test can be found, we can always satisfy (26) by taking the 
number of tests to be infinite. This statement has been disputed (12), on 
the ground that it assumes the divergence of the series S. But a series 
is bound to diverge if all its terms exceed a definite minimum value, 
which will be the case here if r*,, , r3,,, ... all exceed such а value. 

' But Tag = Tayfa [rye | 

> | Tap eo |, as | Te | <1, 
во the only way for 73, to become-small is for at least one of the co- 
efficients of correlation such as т to become so. For convergence an 
infinite number of them would have to diminish indefinitely, and in 
practice such testa would not be applied. 

We next investigate the condition that the numerical value of g 
should be unique to а given degree of approximation. One! method of 
formulating this is to take the ratio of the standard deviations of the 

1 Heywood (8), p. 489, showed that K, the number of linearly independent seta, cannot 


exceed № —1, во the only possible value of N — 1 less than K +1 is K. 
‚ 2 For another method see the end of section X. 
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indeterminate and determinate parts, expressed as a percentage. From 
(17) and (12) these two standard deviations are respectively 

(+94 and {S/(1+ 5}, 
so the condition that the ratio should be p per cent. is 


8-4 = p/100, 
or — & =10,000/p —  ... (27). 
Reverting to the special case where ra, = Tas = ... = r, (27) becomes 
Kr[(1—7)-10,000/p? ...... (28). 


For values of r such as occur in practice (cf. section X), equation (28) 
will give a very large value of K. For example, if r = 0:5 and p= 1, 
K = 10,000, a number of tests far too great to be applied. Even for the. 
low order of accuracy given by p = 10, K is as great as 100. The sets of 
tests quoted in section X have K = 6 or K = 8, and the largest value of K 
ever applied, as far as I know(18)!, is only 32. It is evident that the only 
practicable way to make the indeterminate part of g negligible is to 
find an r,, which is nearly unity. 

If т = 1 — e, where e is small, 

zz 2 
i e = — = = approximately. 
To a good approximation the value of S will be the same, if no others 
of r4,,, 7%), ... ате near to unity, and S-* = 4/(2e). Equation (27) will 
then give 





p? = 20,0006 ates (29). 

Thus if p = 1, e = 0-00005 and if p = 10, e = 0-005, во to make the 
indeterminate part of g reasonably small we need a numerical value of 
Tag Very close indeed to unity. Such a value has been found (see section X), 
but it cannot be relied upon, for two reasons. In the first case the tests 
used do not satisfy the tetrad relations exactly, and the value of fag 
used is a kind of average of several values. A slight variation in the 
method of determining this average makes a considerable percentage 
difference in the value of e. In the second case, the observed results are 
affected by attenuation due to experimental errors. The usual correction 
for attenuation certainly leaves the tetrad relations unaffected?, but it 
affects r,, and so affects the formula (17) for g. If the correction were 
perfectly accurate we could easily apply it to (17), but unfortunately 
the result cannot be guaranteed in individual cases. This will be obvious 
from the numerical example in section X. 


1 I have not yet been able to examine this reference. 3 Spearman, loc. cti., p. vi. 
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. VIII. THE EFFECT OF POOLING TESTS. 

Е. B. Wilson (14), (15), (16) has raised the objection that the unique- 
ness of g is, at the best, only relative to the ‘set-up,’ and that if we 
are to start upon а system of weighting which leads to new scores we 
can, while keeping to the hierarchical systems, do pretty much what we 
"want with g. 

We proceed to examine this. Let us pool the tests a and b, replacing 
them by 


M" _ Œ = 108+ tb . f ....1.(80). 
Ifa’ is in standard measure, like a, b, ... , we get, squaring and averaging, 
1 = wy? + Фа зт + We? | 
= 012 + DU Mí usu, + Wa? 
= (WyTag + WaTog)? + o, (L — tag) + wa (1 — r5) ...... (31). 
Multiplying (30) by c and averaging, we get 
Tare = 3 Tas + WaT pe 
Similarly ` Toa = 10а + Watra- 
Therefore тата, — Tara Tce = Wi (Tao ae — Tad ce) + We (Ты Тав — ата) 
| =0 ш. (32), . 
80 the tetrad relations are unaffected by the transformation. 
Also rog = Tarofaral Toa = (v fao + WaT oe) (WT aa T 10, fa) Toa 
= wj Tag + DAD WaTag Tog + WH Ty, 
= (Wyfag + Wf) o 0 0 0 2 (33). 
Equation (17) suggests that g may be unaltered Y we pool a and 5, 
taling 
ac] (1 — tao) nd Wa = №, |(1 — Tag) ...... (34). 
The factor À is determined by (31), which gives 


ri, m (n n 
= 32 bg ag bg 
pe = TOES J +- +291) 


= À? (83 + в), вау ш... (35). 
(33) апа (34) give 





= Pag т, |° 2,2 
r3 vo = A? iE + RE e} À $^" . ОЕР (36), 
80, from (35), i 
See Agi Ai 
T= = (e+ s) A #”@  -..... (37), 
and Š = Xi is nasi by the pooling. 





сы 
7-2 
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Also from (37) ала (36), 





From (38), (30) and (34), 
fu Í ra G r, b | 








ag 
Hence when we use the positive sign the pooling does not affect the 
formula for g at all. Similarly we can pool more than two tests, if the 
weights are in the ratio 
rac (V. 0) r (1. — т%„):ть/(1 — +%):.... 
No other weighting will leave g unaffected. 
Wilson considers the effect of replacing a and b by 
a’ = 440 + 1,6, 
b = wa + wb, 
and shows that in general this gives 
Teg’ + Togs 
But as Irwin! has pointed out, this transformation in general violates the 
tetrad relations, and in the exceptional case when these relations are 
unaffected, т. = ты. Spearman(17) had previously made the equivalent 
statement -that in general the new tests a’ and b' overlapped, s.e. had in 
common specific factors as well as g, and so were not of the form of a 
and b given in equations (1) and (2), from which the tetrad relations were 
deduced. I f 
To sum up, in caleulating g, linear combinations of tests must in 

general be avoided, but the pooling of tests is allowable provided that 
the weights are taken in the ratio given above. The psychological 
significance of this prohibition of the general pooling of tests is not clear. 
It may indicate that the concept of a numerically unique g is artificial 
and so is upset by a natural rearrangement of the data, or on the other 
hand that the arrangement of the data is itself artificial because it 
combines results of different psychological nature. However this general 
prohibition of pooling is not operative in the important case, when the 
indeterminate part of g is zero either because fa is unity (provided 
that а is not one of the tests pooled) or the number of tests is infinite 
(provided, that the number of tests pooled is finite). Even when these 
conditions are not satisfied, the effect of taking weights other than those 
specified above is usually small, as is shown by the experience of econo- 
mists in varying thé weights in weighted means. 

1 Tn an unpublished letter. Irwin has also constructed an example of а transformation 
of four variables which preserves the tetrad relations but alters g. 
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. IX. APPLIOATION TO A DICE PROBLEM. 


Godfrey H. Thomson (18) has devoted a considerable amount of time 
and labour to devising & dice problem in which the tetrad relations are 
approximately satisfied in consequence of overlapping group factors, &nd 
he has based on this his argument that the tetrad relations may be 
satisfied even when no general factor exists. His original work was 
complicated, but the essential points can perhaps be presented in a 
simple manner as follows. Take eight dice, four yellow and four violet, 
and reduce the sets of scores in N throws to standard measure. Denote 
the results by Y1, Js; Ys» Yas 915 Vas Vss Vae Consider the four sets of N 
numbers, 


&—k( akal ytu) c 2s (89), 
b—4( + Yet Yet) 00 0e (40), 
CHE (rty Hato) 0006 (41), 
d= hlyit yet ys +m) 00 0 (42). 


As the dice scores are independent, all the coefficients of correlation . 
between the eight sets should be zero when N is large enough to eliminate 
the error of sampling. Hence, from (39) and (40), multiplying and 
averaging, we get 
тъ = 4(0+0+1+1+0)={. 
Similarly, Tas = ть = ... = 4. Hence,-using equation (23), with K — 4 
2 a 
а= =Җ (ко) = 7. 
= Бу 
Thus a general factor does exist but it is not unique, and the indeter- 
minate part is large. Although we differ from the letter of Thomson’s 
contention that no general factor exists, we must agree with the spirit 
of it, for the indeterminate general factor conveys no useful idea, whereas 
the overlapping group factors y1, уз, Уз, Ya correspond to the yellow dice 
common to several (but.not all) of the four tests. . · 
If we generalise this example, taking K sets of N numbers made up 
of 2K dice scores, we реб , 
а= КЎ( у-у... ук+) — 0e (43), 
b= Kd (9. + Y + ec tz + Va) i weve (£4), 
etc., where the factor K- is inserted to make the standard deviations 
of a, b, ... unity. | 


Ваи) оа td E Tp 
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From (43) and (44) 
tra =K (0404+ K- 2+0) = 1-2K, 
Similarly for fas, ... , and equation (23) then gives 


(= 2K Ge, — QE 
#=- OR 4+K—2 ^(QKAXLK-29 


which for large values of K approximates to 

` Xa $442 
of which the first term is (numerically) the arithmetic mean, and the 
second term is small. 


Applying equation (28), 
+ (K? — 2K) = 10,000/р?, 


andifp = 1, K = 142. Thus for large values of K we have approximately 
a general factor, which arises from the fact that each set a, b, ... of scores 
depends almost entirely upon the K yellow dice, for in each set only one 
of these is replaced by one of the violet dice. 

It may be thought that these dice problems reduce Spearman's theory 
to an absurdity, as it is extremely improbable that the human mind 
works in any way comparable to the throwing of dice. However it must 
be remembered that the demonstration of the existence of & real and 
approximately numerically unique general factor arising from mental 
tests is only the first step, from a psychological point of view. Having 
obtained what so far is merely a statistical entity, the next step is to 
enquire what psychological properties, if any, it possesses. Now it is 
claimed that g is approximately unimprovable by education or training; 
increases with age, at first quickly and then more slowly, at a rate in- 
dependent of the individual, becoming stationary (with few exceptions) 
at about 16 years, and then remaining constant until affected by old age 
or disease; correlates very highly (0-96 according to K. J. Holzinger) with 
Thorndike’s measure of intelligence; and, to sum up, has much the same 
properties as Binet’s ‘general innate capacity.’ The specific factors, on 
the other hand, are claimed to be capable of great improvement by 
' training, so the g and the s’s of mental teste have quite different pro- 
perties. But the properties of dice, of whatever colour, are monotonously 
uniform; no one has succeeded in educating them, and they show no 
development with age. Thus the comparison of mental tests with dice 
throws breaks down at the second step. 
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X. APPLICATION TO PSYCHOLOGICAL DATA. 


In this seotion it will be convenient to change the notation, using 
1, 2, 3, ..., instead of a, b, c, .... It will be noticed that in the following 
data all the correlations such ав fia, 713, Tas, ... ate positive. It follows (as 
in section IIT) that r,, , fa, ... are all real and all have the same sign, во, 
for the reason given previously, the positive sign appears to correspond 
to general ability. This sign only will be given in what follows. 

F. G. Bonser’s tests(19). For these K = 6 and N = 757 (unfortunately 
& heterogeneous group of 385 boys and 372 girls, of ages 8-16). The 
correlation table is 


Q) (2) (3) (4) (5) 
(1) Mathematical judgment — 0-485 0400 0-397 0-295 
2) Controlled association 0-485 — 0-397 0-307 . 0:247 
3) Literary interpretation 0-400 0-397 — 0330 . 0-275 
(4) Selective judgment 0-397 0-397 0-335 — 0-195 
(5) Spelling 0295 | 0247 0:275 0-195 — 


From these Spearman! calculates r,, = 0-701, 7», = 0-672, r4, = 0-607, 
та, = 0-550, ry, = 0-398 and 8 = 3-01, giving S-t = 0-576. The standard 
deviation of the indeterminate part of g is over 57 per cent. of that of 
the determinate part, 80 these tests fail to determine a g that is even 
&pproximately unique. 

H. G. Stead’s tests (20), For these K = 8 and N = 135 (a homogeneous 
group of boys of age 12+, 127 in an elementary school and 8 who had 
just been transferred from one to а secondary school). The correlation 
table is 


(1) (2) (8) (4) (5) (6) (7) (8) 
(п) Completion — оз 0-58 051 048 043 043 046 
2) Opposites 058 — O47 050 053 040 0-44 0-45 
(3) Instructions 0-58 O47 — 051 048 041 0-45 0:38 
ү Number series 0-51 00 051 — 034 050 0:35 040 
5) Bynonyms 048 053 048 084  — 033 041 030 
(6) er 043 040 041 060 033 — O41 033 
7) Absurdities 049 044 045 035 O41 O41 — 031 
(e) Analogies 046 045 038 040 039 033 03l  — 


These give #1, = 0-77, r4, = 0°74, r,, = 0-12, Tag = 0:67, rg, = 0°63, 
Teg = 0:60, т» = 0:60, feg = 0-58, 8 = 6:8, and S-3 = 0-38, giving an 
indetermination of 38 per cent., an improvement on Bonser's 57-6 per 
cent., but still much too large. 

T. L. Kelley's tests (21). For these K = 9 ‘and N = 140 (66 boys and 
74 girls, whose ages had a mean of 12-94 and a standard deviation 1-048. 
All were in the same scholastic 'grade') The tests included two of 
reading, two of arithmetic, and three of memory. These might be 


1 Гос. cù., p. xx. Му own calculations show slightly different resulte, but the final 
figures are nearly the same. 
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expected to violate the tetrad relations, as not being dissimilar, and this 
is found to be the case, However, in deciding what testa to retain we 
dissimilarity of tests!; indeed in the table below we retain three forms of 
memory tests. After discarding (2 ) reading power, (3) arithmetic speed, 
(6) memory for numbers, and (9) space power, we are left with the 
following correlation table, in which the results in brackets are corrected 


for attenuation. 
: (1) (4) (5) (7) (8) 


1) Reading d — 0-0586 0-1950 0-2989 0-1999 
m E (0-0814) (0:2155) (0-3354) (0-2290) 
(4) Arithmetio power 0-0586 — 0:1487 0-2489 0:2843 
(0-0814) (0-2099) (0-3592) (0-4159) 
(5) Memory for words 0-1950 0-1487 — 0-6693 0:4662 
(0.2155) (0-2099) (0-7688) (0:5427) 
(7) Memory for meaning- 0:2969 0-2489 0-8893 — 0-6915 
ful symbols (03354) (0-3592) (0-7688) (0:8230) 
(8) Memory for meaning- 0-1999 0-2843 0-4662 0-6915 — 
less symbols (0.2290) (0-4159) (0-5427) (0-8230) 


The ‘raw’ values give rı = 0.2800, 14, = 0-2747, 15, = 0-6406, 
T; = 0-9725, т„ = 0-7625, S = 19-8, and S- = 0-226, giving an in- 
determination of 22-5 per cent.,'as compared with Stead's 38 per cent. 
and Bonsér's 57-6 per cent. This improvement is almost entirely due to 
T being near to unity, for, of the total 19-8 of S, 17-5 is contributed by 
the term r?,,/(1 — t?z). It is thereforeimportant to consider the reliability 
of the value 0-9725 of r,,. This was obtained from Spearman’s formula? 


ray = Eram] (Era), 

where a and b take all possible (i.e. six) pairs of different values selected 
from 1, 4,D, 8. If wecompute the different values of (72,17) Separately, 
we get 1:123, 1-009, 1-014, 1-058, 0-9963 and 0-7780. These are unequal 
because the tetrad differences are not exactly zero. Taking the arith- 
metic mean, we geb f = 0-996, r*,,/(1 — r?) = 130, and S- = 0-09 
approximately, reducing the indetermination to 9 per cent. This good 
result may, however, be accidental Of the six values used to form the 
mean, four are greater than unity, which means either that they indicate 
imaginary specifio factors (see section III), or, what is more probable, 
that the errors in the tetrad differences are too large to give reliable 
results. If then at least four of these values are in error, the arithmetic 
mean and the final result are also unreliable. 

Treating in а similar way the figures ‘corrected’ for attenuation, 

1 See the footnote at the beginning of section IV. In this geleotion we тоу K. J. 


Holzinger (22). 
3 Loc. cit., p. xvi. 
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we get the six values of r,, as 1-216, 1:094, 1-098, 1-147, 1-080, and 0-8431, 
giving an arithmetic mean of 1-080, which is greater than unity. The 
conclusion seems to be that the figures have been improved too much, 
and that the usual correction for attenuation is unreliable. 

Another method of estimating the indetermination is to take the 
ratio of the variances, i.e: of the squares of the standard deviations, of 
the indeterminate and determinate parts. This is preferred by Holzinger 
and Spearman, and an argument in favour of it is that the sum of the 
variances of the two parts is a constant, namely unity. The ratio S-# is 
then replaced by 1/S, and the percentages given above as 57-6, 38, 22-5 
and 9 are replaced by the much smaller numbers 33-2, 15, 5-1 and 0-8 
respectively. I hope to examine other date in the near future. 


In conclusion I must express my gratitude to Prof. Spearman and my 
colleagues Miss A. E. M. M. Dallas and Mr F. Underwood for their 
valuable suggestions. 
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THE UNIQUENESS AND EXACTNESS OF g. 
By C. SPEARMAN. 


Jr has been a great privilege to be shown the preceding paper of Prof. 
Piaggio in advance of its publication. By means of correspondence some 
misunderstandings have been easily dispelled, so that at present I have 
the pleasure of finding myself in almost complete agreement with him. 
Accordingly, the following remarks must not be regarded as in any way 
attempting to correct his work, but only to contribute to it a small 
supplement. ` 

Most of his paper has dealt with the Jack of ‘uniqueness’ of the ‘g’ 
which supplies the foundation of the theory of two faetors. Now, this 
concept of uniqueness would seem to need a little further elucidation. 
To take an example, the equation q? = a? yields the solution that z = а; 
but this result is not unique inasmuch as an equally good solution would 
bez = — a. And instead of two possible solutions to an equation, there 
may be а great number. Moreover, the lack of uniqueness might not be 
between any discrete values at all, but instead might affect a continuum. 
Thus m co-ordinate geometry, the position indicated by Az + Ву + Cz=0 
is 80 far from being unique that it may indicate any point lying within 
a plane. 

But now let us turn to indeterminateness or freedom of a different 
kind; that wherein there is a lack, not of uniqueness, but, more properly 
speaking, of exactness. For example, let a person be asked how far away 
a bridge lies; and suppose him to answer ‘Four or five miles.’ This is 
а gross case; but some degree of inexactitude dogs even the finest of 
measurements. Thus the rise of temperature may be measured sometimes 
with an error not exceeding а millionth of a degree; but vain would be thé 
attempt to measure it without any error at all. On passing over into the 
realm of statistics, the inexactitude not only becomes far greater, but is 
more explicitly avowed. A striking example is afforded by the custom of 
attaching to an estimated value its ‘probable error.’ 

What, then, is the essential difference between the two preceding 
paragraphs, dealing respectively with lack of uniqueness and of exactness? 
It would seem that in the former lack the indeterminateness or freedom 
i8 thoroughgoing; it pervades the whole affair. Whereas in the cases 
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charged with lack of exactness, only the measurement is indeterminate, 
. not the magnitude to be measured. There їз a unique distance from the 
, person to the bridge (or from some point in the one to some point in the 
other). There 1$ a unique value, although in general only an ideal one, 
around which the probable error of sampling throws a halo of indeter- 
minateness. 

From these general considerations we will pass on to the particular 
case at issue in the work of Piaggio; that is, the indeterminateness or 
freedom in the measurement of g. Now, this may occur in several 
different respects. One of these derives from the already mentioned error 
of sampling. For this error affects the estimate of the correlation of any 
test with g, and therefore also affects the measurement of g that is derived 
from this correlation (by & regression equation) Nevertheless we can 
and do conceive a ‘true’ correlation that would be yielded by an ideal 
infinite population. Hence in this respect (cf. sampling error), at any 
rate, the indeterminateness of the measurement is not properly speaking 
a lack of uniqueness, but only of exactness. 

‘A second respect in which any measurement of g suffers from in- 
exactitude is that which arises from the errors in the operation of testing. 
In so far as these errors are of a random nature, their effect can be gauged 
by means of the well-known ‘reliability coefficients.’ Here again, we 
cannot properly speak of a lack of uniqueness, but only of exactness. 

Yet a third source of indeterminateness derives from the fact that the 
valuation of g can only be obtained from a limited number of tests, each 
having but a limited correlation with g. Here again, there is obviously an 
ideal value aimed at; it is that which would be obtained from an infinite 
number of tests (under otherwise suitable conditions). The case presents 
much analogy to that of measuring a person’s reaction time. To achieve 
even tolerable exactness, many reactions must be measured and their 
average taken. For perfect exactness, the number of reactions must be 
infinite (besides excluding all such disturbances as fatigue); this is quite 
unique as an ideal, even though unattainable actually. 

Finally, let us consider the particular indeterminateness of g- 
measurements at issue in the work of Piaggio (also of Camp). This has been 
denoted by the letter ‘s.’ Should it be regarded as a lack of uniqueness, or 
only as one of exactitude? In other words, have or have not the indubi- 
tably vacillating measurements an ideal measured core which does not 
vacillate? In reply to this question, I would say that as first discovered 
by Wilson and myself, no such core was manifested; the case did belong 
to the same class as that of multiple solutions or of location in a plane. 
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But at present, I would submit, this state of affairs has ceased. As was 
suggested by myself', then systematically demonstrated by Irwin?, and 
now proved by Piaggio, this + is nothing else than the error just mentioned 
a8 being due to the limited number of tests available fór the purpose of 
measuring. Moreover, it is nothing more than the probable error given by 
Holzinger for the regression equation; his formula is obviously identical 
with the (17) of Prof. Piaggio. In short, I suggest that to charge g with 
not being ‘unique’ because of its ‘i’ is linguistically inappropriate and 
is likely to cause some serious under-valuation of its significance. 

But this point at once raises another one. Though exonerating the 
measurement with regard to uniqueness and only impeaching it with 
inexactness, may not even this latter fault go so far as to render it 
scientifically unserviceable? That this possibly and even commonly is so, 
has been strongly urged by the present writer?. But the work of Piaggio 
would seem to paint the case in still darker colours. Now, what he 
writes seems to me to be unimpeachably accurate so far as it goes. But 
Ido think that in his first method of estimating the degree of indetermina- 
tion he has indicated the most unfavourable viewpoint. Far better would 
appear to be his second method, which is that of Prof. Holzinger, Here the 
natural and most significant basis for comparing the relative influences of 
the determinate and the indeterminate parts of the measurement of g is 
taken to be, not their respective standard deviations, but rather their 
variances. Upon adopting this improved basis of comparison, the in- 
determinate influence makes a startling drop; for instance, from 10 to 
only 1 per cent. Furthermore, I would urge that such a battery as that 
of Murdoch, which comprises no less than 32 tests intercorrelating by an 
average of nearly 0-40, affords a correlation with g amounting to nearly 
0-99 and possibly—after making all due allowances—higher still Such 
a measurement of g is of course incomparably superior to the very best of 
the current determinations of ‘mental age’ or of ‘1.9.’ It even far 
surpasses many modern physical measurements; as an instance of the 
latter, a series of determinations of the physical fundamental magnitude 
‘e’ has shown a mean variation amounting to no less than 30 per cent. 

We must add, however, that the uniqueness of g has been impugned 
on further grounds besides its ‘7’; notably its asserted variance for linear 
transformations. With these grounds we shall deal later. 

1 Brit. J. Educ. Psych. (1931), т, footnote 27 on p. 21. 


, ° Brit. J. Psych. (1932), xxrr, 359 ff. 
3 The Abilities of Man (1927), pp. xv-xvi. 


(Manuscript received 11 April, 1933.) 


' THE RELIABILITY OF THE CRITERIA USED FOR 


ASSESSING THE VALUE OF VOCATIONAL TESTS!. 


By ERIO FARMER. 
(Industrial Health Research Board.) 


Introduction (p. 109). 

. Definition of terms (pp. 109-10). 
Objective criteria (pp. 110-13). 
Judgments of performance (pp. 113-15). 
Judgments of ability (pp. 115-19). 

. Summary (p. 119). 


Яяяянь 


I. INTRODUCTION. 


Охе of the main objects of research in vocational psychology is to ex- 
amine the diagnostic reliability of the vocational tests themselves. Tests | 
are given to groups of workers, or prospective workers, and if their test 
performance has a significantly positive association with some criterion 
of occupational proficiency the tests are regarded as useful. Too little 
attention is often paid to the validity of the criterion by which the value 
of the tests is judged. Obviously, unless this criterion yields a valid 
measure of individual differences in some defined sphere, no reliance can 
be placed on the results obtained from the application of the tests. In 
this paper I propose to discuss the criteria by which vocational tests are 
judged. | 
П. DEFINITION OF TERMS. 


I shall use the term 'criterion' to designate any measure of tbe in- 
dividual differences in occupational proficiency between the members of 
a group that can be compared with the measured performances of those 
members in psychological tests. Three principal types of criteria can be 
usefully differentiated one from another, but these are not necessarily 
exhaustive. 

The first type I shall call ‘an objective criterion,’ meaning by it any 
measured performance, differentiating the individuals in a group, which 


1 A paper read to Section J at the British Association, 1932. 
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does not rest upon human judgment. Output or accidents are examples 
of objective criteria, for they record facts and not opinions and are there- 
fore strictly objective. 

The second type of criterion I shall call ' judgments of performance.’ 
This criterion is objective because a specific task has been performed by 
the worker, and subjective because the value of the performance is judged 
by someone who is presumed to be competent to do so. Engineering 
trade tests are examples of judged performances; for the workers are 
given a task to do in a given time and the quality of their work is judged 
by an expert. When the criterion is of this type the work is judged, and 
not the workers, and in this important respect it differs from the next 
type I propose to define. 

The third type of criterion I shall call ‘judgments of ability. An 
example of this type is an overseer’s opinion as to the relative ability of 
the workers in his charge. These assessments of ability are formed from 
general opinions about the worker’s performance in his task, his character 
and personal idiosyncrasies, such judgments being strongly influenced 
by the overseer’s own character and prejudices, although they are often 
claimed to be judgments of performance based entirely upon observation 
of the actual proficiency of the worker!. Nevertheless they are invariably 
judgments of a person, whereas judgments of performance are always 
judgments of work. 

Having defined these terms, we can now proceed to discuss some of 
the errors that may affect each type of criterion and render it an unfit 
measure of the value of psychological tests. 


III. OBJECTIVE ORITERIA. 


An ‘objective criterion’ is the most satisfactory measure of the value 
of psychological tests if a reliable one can be obtained; but such criteria 
are available only in a limited number of occupations, and even when 
they are forthcoming they are sometimes unreliable. The chief source of 
error in using curves of output as criteria arises when the output is not 
entirely under the control of the individual who is being tested. Artificial 
restriction of output may result from faulty organization which causes 
workers to waste varying amounts of time, or from a custom that some- 
times arises in groups of workers of not exceeding a certain standard of 


1 The term ‘proficiency’ refers merely to output, or, where this cannot be measured, to 
the worker's ability at his task, and does not include the various other factors such as 
honesty, etc., which are involved in the general conception of a good worker. 
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output. In either case the output curve may be an unreliable measure 
of individual differences. 

Again, output curves are sometimes unreliable because the nature of 
the work or materials has changed, causing variations in output which 
are not directly related to the workers’ capacities. Once more, it is some- 
times found that output curves taken at different periods have only a low 
degree of correlation one with another, in which case no one would claim 
that they adequately represent the workers’ capacities. Dr J. O. Irwin 
has suggested that the suitability of a set of observations as a criterion 
for psychological tests may be tested by ‘Lexis’ theory of dispersion.’ 
By this means we are able to test the *disturbancy' of a set of observa- 
tions and say how far the frequency distribution differs from chance. Any 
set of observations that yields an insignificant coefficient of disturbancy 
is an unfit measure of the value of psychological tests, for it, does not 
differentiate sufficiently between individuals; the frequency distribution 
must differ significantly from chance. A low or imaginary co-efficient of 
disturbancy may arise from two causes: (1) the differences in ability are 
accurately measured, but although they are real, they are too small to 
differentiate clearly between individuals; (2) although there are large real 
differences in ability these differences are inadequately measured, so that 
the criterion is unreliable. ` 

This suggestion of Dr Irwin’s is a useful one. I have applied it to 
many of my criteria, one of which was found to have a significantly sub- 
normal dispersion. I have given a set of tests to several groups employed 
in this particular occupation and the results were always erratic and 
contradictory. It was not until I discovered that the frequency distri- 
bution of their proficiency did not differ from chance that I realized that 
the failure to establish any definite association between the tests and the 
criterion resulted possibly from the faultiness of the criterion, and not 
from the inadequacy of the tests. : 

To examine the diagnostic value of psychological tests for accident 
proneness, the recorded accidents of the experimental group must be used 
as ап,‘ objective criterion, but in this case special difficulties arise. The 
frequency distribution of accidents is skew, being of the J-shaped type; 

1 The Coefficient of Disturbancy is given by the formula 
(eo 

M 


where М —observed mean, 
с —observed standard deviation, 
as —100p,q, (where 100 p, = M, and g,=1 — р). 
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the range is usually small, and the number of accidents in any observa- 
tional period is not large enough to make statistical analysis an easy 
matter. These characteristics of the criterion make it doubtful whether 
the method of correlation is the most suitable one for measuring the re- 
lation between performance in psychological tests and liability to sustain 
accidents. It is a method which can be used, and positive correlations 
with accidents will be yielded by any test that has been shown by other 
methods to diagnose accident proneness, but the small coefficients be- 
tween psychological tests and accidents may in part be due, in this case, 
to the limitations imposed by the particular’ characteristics of the 
criterion. The x? method obviates some of the difficulties presented in 
this particular instance and may more accurately measure the true re- 
lation between performance in the tests and accident proneness. 

The statistical researches of Greenwood and Woods!, and Newbold?, 
have shown that accidents are not usually distributed by chance, but that 
some people are more liable to sustain them than others under equal con- 
ditions of exposure. The psychological researches that have followed have 
attempted to discover in what respects these accident prone individuals 
differ from others. The method adopted has been to compare performance 
in psychological tests with accident rate. In order that the recorded 
accidents of a group may be a valid criterion of a test purporting to 
measure individual differences in accident susceptibility, we must be 
certain that the accident frequency distribution is partly determined by 
individual differences in proneness and not wholly by factors affecting 
all members of the group equally. Miss Newbold has constructed a table 
which can be used to determine this matter. I have tested the accident 
frequency distributions of five groups of persons by this method, and in 
two groups they were found to be determined wholly by factors affecting 
all individuals alike, so that they did not measure individual differences 
in susceptibility. None of the psychological tests given to these two 
groups was found to have any significant relation with accidents by any 
of the statistical methods by which it was measured. In the other three 
groups, whose accident frequency distribution had been shown by New- 
bold’s table to be partly determined by individual differences in sus- 
ceptibility, certain tests were found to have a significant relation with 
accidents. If I had not tested my criteria by Newbold’s method I should 
have been at а loss to explain why certain psychological teste had diagnos- 
tic value for accident proneness in three groups and not in two others, 


1 Industrial Health Research Board Report, No. 4, 1919. London: H.M. Stationery Office. 
3 Industrial Health Research Board Report, No. 34, 1926. London: H.M. Stationery Office. 
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although all five groups were employed in similar occupations, and I 


. should have contributed one more contradiction to the large number that 


^. vocational psychology has already supplied. 


The accidents of these two groups increased with age and experience, 


although the accidents of all other groups examined have been found to 


decrease with age and experience. It was clear, therefore, that the re- 
corded accidents of these groups had an abnormal frequency distribution. 
The cause of this abnormality has now probably been discovered, but it 
would never have been guessed unless the reliability of the criteria had 
been examined. 

IV. JUDGMENTS OF PERFORMANCE, 

My second type of oriterion—'judgments of performance’—is used 
mainly in the skilled trades, where the nature-of the work makes it im- 
possible to judge proficiency by output. Judgments of performance may 
differentiate clearly between individuals, but an examination of their 
frequency distributions sometimes shows that they are really only 
qualifying tests, +. tests in which individuals either pass or fail 
outright. 

Two examples from my own work will help to illustrate the difference ` 
between judgments of performance that really differentiate between 
individuals and those that are merely qualifying tests. 

The ability of several large groups of apprentices whom I have tested 
is judged by the individual’s performance in a specific task. Marks are 
assigned for quality of work, and these marks show a Gaussian frequency 
distribution and a high coefficient of disturbancy. A further proof of the 
reliability of the test is that the mean and range are similar for different 
groups, although different examiners examined each group. These same 


Table I. Correlations between preliminary and final practical tests 


for skilled apprentices1. 
Group No. r 
1 524 0-463 
2 269 0-706 
3 347 0-498 
4 333 0-566 


apprentices during their period of training are given a similar but more 
elementary test by other examiners, and the correlation between these 
two independent tests is significantly positive (see Table T). Judgment 
of performance, in this case, therefore, appears to differentiate with some 
1 All significant coefficients in this and the following tables are in heavy type. 
J. of Psyoh. xxiv. 1 8 
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degree of accuracy between the ability of the individuals forming tlie 
group. . ' : I 

Ability in another skilled occupation was also tested by a ‘judgment 
of performance,’ but the marks ranged from 98 per cent. to 100 per cent. 
and there were no failures. Itis clear that a criterion, with such a frequency 
distribution does not differentiate between individuals. On examination 
it was found that a preliminary test had taken place some time before and 
only those who passed this were allowed to proceed to the final test. Since 
every candidate passed the final test, they were given marks varying from 
98 per cent. to 100 per cent. in the hope that it would encourage com- 
petition and keep the candidates keen. It was also gratifying to the 
authorities to say that none of those they had fully trained scored lesa 
than 98 per cent. in the final test. Thus the only real differentiation be- 
tween individuals in this instance was between those who were allowed 
to compete in the final test and those who were not. 

The criterion for a set of tests which I was applying was the ‘judged 
performance’ of several groups of workers in four different trade tests. 
When the frequency distributions of these four tests were examined by 
Lexis’ theory of dispersion they were found not to differ significantly 
from chance. Moreover the mean performance of some groups lay outside 
the range of other groups, although the marks assigned for proficiency 
were claimed to be strictly comparable from group to group. There was 
little or no correlation between the four different tests. This in itself does 
not necessarily render the final assessment, on the basis of the test per- 
formances, unreliable, for each test may have measured different and 
non-related functions, all of which were necessary for efficient perform- 
ance. Nevertheless, in reliable criteria one usually finds some positive 
degree of relation between different trade tests purporting to measure 
different aspects of proficiency. One of these trade tests was then given 
several times to the same subjects, and its reliability, measured by inter- 
correlating the scores obtained each time it was given, was во low as to 
be entirely negligible. Yet the frequency distribution of this criterion did 
not appear to the eye to be unduly skewed, and so approximated to the 
normal shape that the criterion might easily have been regarded as re- 
liable unless it had been examined in the way I have described. 

The correlations between the psychological tests and this ‘judgment 
of performance’ were very erratic. Some groups yielded significantly 
positive results and others yielded insignificant, or significantly negative 
` results. If only one group had been tested, and the criterion not properly 
examined, erroneous positive or negative conclusions might have been 
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drawn. In fact the only conclusion that can be drawn is that the diagnostic 
value of the psychological tests for this occupation has not yet been 
measured, on account of the unreliability of the criterion. 


, 


V, JUDGMENTS OF ABILITY. 


‘Judgment of ability’ is not a very satisfactory term, for such a judg- 
ment is sometimes nothing more than a crude character assessment, in 
which prejudice and favouritism may play a part. However, a ‘judgment 
of ability’ differs from a ‘judgment of performance’ in that it claims to 
-assess the ability of an individual and not simply the quality of a specific 
piece of work. Although, in practice, the two kinds of criteria may over- 
lap, ‘judgments of ability’ are subjective, for they record the impressions 
made by one individual upon another. In some cases they purport to 
record the impression made by an individual’s work, rather than the 
impression made by the individual himself, but this impression is a 
general one and is not gained by examining the work in isolation, with all 
other considerations excluded. 

The value of ‘judgments of ability’ depends on how closely they are 
related to the specific work involved. Often they are little more than 
opinions about ideal qualities which, for no apparent reason, are supposed. 
to be involved in the occupation. The assumption underlying such opinions 
seems to be that an ‘ideal’ man in the Aristotelian sense, one who possesses 
в full measure of all the virtues combined with perfect poise, is the one 
required for the occupation. Such individuals are rare and we cannot 
expect to have a whole department composed of them. Moreover they 
will be able to find an appropriate occupation in life without the aid of 
vocational tests, and their place is not likely to be found in those occu- 
pations where vocational tests are usually applied. 

The National Institute of Industrial Psychology has devised methods 
of assessing ability which bring these judgments into touch with reality. 
Lists of qualities like speed and accuracy, carefully defined, and definitely . 
connected with the work, have been constructed. An examiner is asked 
to mark each individual on a fivefold scale for each particular quality in 
question, keeping all others out of consideration. The marking should be 
made to conform to a normal frequency distribution, any departure from 
which should be а matter of special inquiry. If this is not done the measure 
will be biased by any tendency of the judges to mark unduly low or un- 
duly high. Difficulties may arise because it is possible for one judge to 
assess в small number of persons only; but when several small groups are 
combined the frequency distribution should be normal for the combined 

8-2 
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group if the assessment has been carried out properly. In any case small 
groups are inadequate for statistical purposes and unless it is possible to 
get a final group of sufficient size to yield a normal frequency distribution 
the criterion cannot be used to measure the value of psychological tests. 

I believe it is along these lines that ‘judgments of ability’ can be im- 
proved and made to yield reliable criteria. In some cases they may be 
changed by this method from ‘judgments of ability’ to ‘judgments of 
performance’ and so gain in objectivity. 


Table П. Coefficients of contingency between four supervisors! 
judgments of ability. _ 
93 subjects. | 
Between supervisor I and П О„=0-506 
E IandI] 0-674 
35 Iand IV 0-528 
ч Trand I 0-636 
m Парау 0621 
Е IH and IV 0-569 
‘Judgments of ability’ of the same individuals made by different 
assessors are sometimes compared and if they are positively related they 
may be assumed to be reliable criteria. Such an assumption is not always 
justified. The assessments are sometimes not made independently but are 
the result of consultations, deliberate, or otherwise, between the persons 
making the judgments. In this case we are not dealing with independent 
judgments; all we know is that two or more people discussing the abilities 
of a group of individuals have come roughly to the same conclusion. 
Sometimes ‘judgments of ability’ are made by ranking the individuals 
in 8 group, for purposes of correlation. I think it impossible, however, 
for any assessor, using this method, to rank individuals for their ability 
sufficiently accurately and in a sufficiently large group, to warrant statis- 
tical analysis. It may be possible to get fairly accurate “judgments of : 
ability’ by means of fivefold categories, provided proper instruction is 
given and a strict adherence to the normal frequency distribution is main- 
tained. Most overseers are able to pick out the ‘really good’ and the 
‘really bad’ workers, leaving the majority of the group in the interme- 
diate category. ‘Judgments of ability’ in this form I believe to be more 
reliable than any attempt at ranking, and also better than the fivefold 
method, except when special instructions are given and carried out. The 
fivefold category method may be the most reliable when we can be sure 
that all the necessary precautions have been observed. 
It may be questioned whether either ‘judgments of performance’ or 
of ‘ability’ really measure accurately the qualities necessary for efficient 
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. performance in an ocoupation. The ideal measure of occupational pro- 
ficiency is an ‘objective criterion’; both other types of criteria are only 
makeshifts. 

I have been able to compare a ‘judgment of ability’ with an ‘ob- 
jective criterion’ in one occupation, and a ‘judgment of ability’ with a 
‘judgment of performance’ in another (see Table III). There is no signifi- 
cant agreement between the ‘subjective’ and ‘objective’ criteria. There 
is, however, a very close and highly significant agreement between the 
‘judgment of ability’ and the ‘judgment of performance.’ No conclusions 
can be drawn from these isolated instances, but it is interesting to note 
that the ‘judgment of ability’ which showed no agreement with the ‘ob- 
jective criterion’ in the same occupation was made by a foreman who 
divided his workers into five categories, according to his opinion of their 
proficiency; whereas the ‘judgment of ability’ which had a significant 
relation to the ‘judgment of performance’ was given in the form of a 
short description of the worker’s character. In these character assess- 
ments it was stated whether the worker was keen, clever but lazy, stupid 
but industrious, and so forth. When the workers were divided into two 
groups by independent assessors, there was a very close and significant 
‘association between these and the two groups into which they were 
divided by a trade test, carried out by independent examiners. I think 
this method of judging ability may be recommended, as being well within 
the capacity of most foremen. 


Table III. Contingency between foreman’s estimate and objective 
eriterton among unskilled workers. 
96 subjecta. 
C,=0-355 (insignificant). 


Fourfold correlation between judgment of performance and judgment 
of ability by independent assessors. Skilled workers. 
16 subjecta. 
Q; =0-922. 


Another method of testing the reliability of ‘judgments of perform- 
ance’ and of ‘ability’ is to compare them with the score in an entrance 
examination. In all the instances in which I have been able to compare 
‘judgments of performance’ with an entrance examination a significantly 
positive correlation has been yielded. In no case in which I have com- 
pared a ‘judgment of ability’ with an entrance examination have I found 
any positive agreement between the two (see Table IV). 
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Table IV. Correlation between entrance examination and final 
trade test (judgment of performance) for skilled workers. 


Group 
i A 0-410 524 subjects 
B 0-312 269 ,, 
© 0:516 347 ,, 


Correlations between an intelligence test and final 
trade test for skilled workers. 


Group 
A 0-288 524 subjecta 
B 0-289 259 ,, 
© 0:886 347 РА 


Correlations between entrance examination and 
supervisors’ judgment of ability. 
(Numbers of subjects not available.) 


Group Group 
A 0-11 F — 0-0015 
B 0:12 G 0-00 
O 0-429 H 0-018 
D 0-22 J 0-08 
E -003 


In the skilled trades, entrance to which is earned by examination, in- 
telligence is necessary for subsequent proficiency. Intelligence is also one 
of the qualities measured by an examination, so that for this reason we 
should expect a correlation between examination order and a valid 
measure of proficiency. In all the skilled trades I have tested I have 
found a significant correlation between entrance examination, intelli- 
gence measured by various intelligence tests and criteria that have been 
shown independently to be reliable (see Table IV). If therefore some 
criterion which cannot be shown by other means to be reliable fails to 
correlate with the entrance examination in a skilled occupation, it should 
be regarded not as evidence that the examination has no selective value, 
but that the criterion has little reliability. 

When no correlation is found between an entrance examination and 
8 criterion, it is sometimes taken as an indication that the entrance ex- 
amination is of low diagnostic value for the qualities involved in the 
occupation; but this conclusion does not necessarily follow. In the first 
place, since the subjects have been selected according to their score in 
the examination, we should not expect a high correlation between the 
examination scores of those accepted and their subsequent occupational 
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proficiency, because those accepted lie in the upper part of the frequency | 
distribution and therefore are not representative of the whole group of 
applicants. This selection will, therefore, lower to an unknown extent the 
correlation between the entrance examination and any criterion of 
proficiency, ` ç 


VI. Summary. 


The reliability of psychological tests for vocational purposes is mea- 
sured by comparing performance'in the tests with some measure of in- 
dustrial proficiency. Unless this measure is itself a reliable indication of 
the worker’s industrial ability it cannot be regarded as a proper criterion 
for determining the reliability of psychological tests for vocational 
purposes. 

Three types of criteria are distinguished in this paper. 

(1) ‘Objective criteria’ are records of industrial proficiency in which 
human judgment does not enter, e.g. output. 

(2) ‘Judgments of performance’ are judgments of work by competent 
examiners without knowledge of who did the work. 

(3) ‘Judgments of ability’ are judgments of the proficiency of in- 
dividuals who have been observed at work. 

Some of the errors that may enter into each of these criteria are pointed 
out and suggestions are made for testing the reliability of criteria. The 
paper is preliminary in nature, and no definite conclusions are drawn. Its 
objectis merely to call attention to one of the sources of error in vocational 
psychology and to suggest certain methods of overcoming it. 


(Manuscript recewed 26 September, 1932.) 
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The Psychology of a Primitive People. By 8. D. Ровтков. London: Edward 
Arnold & Co. 1931. Pp. xv + 438. 30s. net. 


No satuan ist whose interests carry him outside of the laboratory and into the 
everyday life of human beings, can afford to neglect this book. It is the first piece of 
comprehensive “ald work carried out by a psychologist in a realm usually cultivated 
only by the ethnologist, the social anthropol uu or the missionary. Whatever oriti- 
cisms may be advanced concerning the methods used by Prof. Вон сов the book will 
stand as & pioneer record, диро. ір iteelf and opening up many fascinating linea 
for future researoh. 

Dr Porteus carried out his work in North-west and Central Australia. He rightly 
concluded that “‘to judge fairly of the intelligence” of the primitive people with whom 
he was dealing he must “consider the evidences of their adaptability to their own 
peculiar environment,” and study “the psychological bases of their social customs, 
organization and habits of life.” The first part of his book, then, draws a picture, 
vastly оаза its detail, of the environment, both physical and social, of the 
natives hestudied. Although a great deal of this groundis exactly the ground traversed 
by the social anthropologist, it is here studied and interpreted largely in psychological 
terms. The second part of the book deals with “the underlying psychology of Austra- 
lian social organization, totemism, ceremonial observances and initiation,” and also, 
in the last six chapters with physical measurements, psycho-physical teste, tests of 
temperament and intelligence, memory апі ially devised tests of the intelligence 
of the aboriginal child. Ки bo scan that this final part ie an attempt to carry ex- 
perimental psychological method into field investigation. Most emas sya will feel 
a little disappointed that Prof. Porteus, in his experimental examinations, did not 
break away more radically from forms of test which have been developed and studied 
almost, wholly in communities of 8 high social level. He used only two seta of tests 
specially devised to “асоога with the cultural background of the aborigines”: a foot- 
prints test and a dots recognition test. Even these were presented in a form that ap- 
pears rather highly sophisticated. His conclusions that the tests showed his native 
observers to be less inefficient than might have been expected, but inadaptable to 
civilized life, are not very helpful. One cannot help feeling that the very thorough and 
valuable study of social customs and outlook which preceded the use of specific testa, 
might have led to an attempt to develop an experimental technique less tied u; ae 
methods specifically developed in a very widely different cultural backgro und. Th 
results of this might not have had the appearance of being MR Na ina quantitetive 
sense with those obtained elsewhere, but they would certainly have been comparable 
in other ways and they might perhaps have started & technique for field experimenta- 
tion different from, but equally as valuable as, that of the Богау x of study. 

However, nobody who has ша anything like it will be inclin: minimize 
the difficulties of this kind of work. No oriticism can detract seriously from the value 
of this important and very attractively presented piece of research. It is greatly to be 
hoped that Dr Porteus’s book will have many successors all on as high a plane of 
achievement as his. For in this way alone will social psychology eventually be 
established upon 8 sound basis. 


Remembering: A Study in Experimental and Social Psychology. By F. C, ВАвт- 
LETT. Cambridge: University Press. 1932. Pp. х + 317. 16s. net. 
This important addition to the Cambridge Psychological Library presents a closely 
reasoned statement of a profound theory of memory which demands most careful 
consideration by psychologists. Being based entirely upon the author’s own researches, 
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the book is not a complete treatment of the subject, but ап опы contribution to 
it. Ite influence will extend beyond the ostensible limits which Prof. Bartlett has get 
himself, for it reflects and defends an attitude towards the whole science, and the 
fundamental ideas upon which the theory is based may be found capable of important 
applications in other departments of psychology. He adopts the functional outlook 
consistently, and. gives us а new respect for purely qualitative methods. Memory is 
viewed as a mode of response integrally bound up with the whole fabric of mental 
activities. With admirable thoroughness he examines the perceptual experience which 
supplies the material remembered, and the social setting which conditions the in- 
dividual who learns and remembers. 

The development of memory processes is taken as parallel to that of the distance 
receptors. The function of memory is to facilitate efficient responses by releasing the 
organism from 20089 to present circumstances. Head’s theory that schemata of 
postural reactions are formed which control new reactions, is generalized (with critical 
reserve) to cover the more complex case of ideational response. The term ‘schemata’ 
is borrowed with some misgivings and used to denote psychological material as organ- 
ized. The development of consciousness enables the organism to avoid the primitive 
tendency to exact serial repetition by means of reconstruction, in which images and 
language play a decisive part. In remembering the organism is called upon to respond 
by recall of material, but the demand is ee partioularized, and never (in typical 
instances) a mere re-living of an experience. The process is therefore constructive, and 
not to be sharply distinguished from imagination and thought. The experimental data 
suggest that with the lapse of time the formal character of the organization becomes 
relatively more important. But the experiments deal only with cases in which explicit 
recall of material is demanded, so that the individual to react to his schemata. 
Summarized thus the th may seem too abstract to be serviceable, but a study of 
the very full discussion will show that it must be taken seriously. If Prof. Bartlett’s 
conclusions are accepted, much more than the traditional theories of memory will need 
to be re-focussed. The difficulty of the argument, and itis not inconsiderable, is lessened 
by the extremely careful arrangement and statement, but the book is essentially one 
for close and leisurely study. Its wealth of detailed statement cannot be discussed in 
a short review, nor can we discuss the extensive series of experiments. 

Since ne is continuous with immediate experience, and both are sha 

n of the individual, which in turn depends upon social relationships, 
the author finds it necessary to attempt an independent analysis of those relationships. 
This section of the book may well be studied by itself as an introduction to Social 
Psychology. We have at last & discussion which avoids wide and picturesque generali- 
ties in favour of the careful and minute study of facts. We commend these all too few 
chapters as a model of how social psychology should be approached. 


The Psychology of Pleasantness and Unpleasantness. By J. B. BEgBE-ÜENTER. 
New York: D. Van Nostrand Company. 1932. Pp. vii + 427. 


This very careful and well-written essay should very easily hold the field in its 
most difficult subject for a considerable time to come. Dr Beebe-Center was very 
justly impressed by the fact that “the psychology of pleasantness and unpleasantness 
is at present & potential body of knowledge rather than an actual one," and he set 
himself to provide a remedy by bringing the facts together “into a single orderly 
structure.” He has realized his aim very excellently and completely, and he has done 
more than this, for he has produced also a readable and often a stimulating book. 
There is pretty well no question about the psychology of affeot that has been raised 
which is not here lucidly touched upon, with all the more important experimental 
detail described, and adequate references for further study. Not only are the essential 
facta given, but the theories also are considered in a final chapter. as elsewhere, 
Dr Beebe-Center achieves & very high level of conoise &couracy. His own predilection 
is for a type of physiological theory connected with the views of Köhler and of others 
who adopt more or less the same hological point of view. Heis greatly impressed 
by the high correlation observed by Nage and Hunt between hedonic tone and organic 
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pressure, and he thinks it probable that ‘‘hedonic-tone depends upon a specific 

of process in sense-organs, namely that which under sensory instructions or their 
equivalent, mediates bright and dull pressure.” He believes that affect depends either 
directly or indirectly upon some character of the process which he calls ‘density.’ The 
definition of ‘density’ as probably a special form of ‘stimulus intensity’ or possibly 
of frequency, does not make a dim matter much clearer. But too much must not be 
made of this. At the most it is only put forward as a speculative hypothesis nearly 
every point of which must be held subject to experimental revision. The book is 
throughout a good and fair exposition, and it contains many suggestions which should 
lead to new and controlled experimental investigation. 


The Science of Psychology. Ву Raymonp H. WuzELER. London: Jarrolds. 
1931. Pp. хі + 556. 218. net. 


Prof. Wheeler here presents a new text-book of psychology designed to cover the 
whole subject and to be suitable both for the student who is beginning his study of 
psychology and for those who have already some acquaintance with the subject. The 

point of view adopted is that it is of little use to present masses of facts a 

m principles which show how the facts may be related. The principles with which 
Prof. Wheeler finds himself in chief sympathy are those which have been expounded 
by Wertheimer, Kóhler, Koffka and others of the Gestalt school. In arrangement the 
new text-book is novel. Psychology is held to deal with conscious behaviour and its 
conditions. Both the behaviour and its conditions have wide ramifications and it is 
best to begin to study them in their customary setting, that of the social group. Ac- 
cordingly the book begins by a study of social behaviour, and proceeds to take up in 
turn special aspects of this, t.e. intelligent behaviour, emotive behaviour, saming 
problems, and only after a consideration of all these discusses the more conventio 
topics of the psychological text-book: reactions, attention, space perception, the re- 
actions of the special senses. The last topics of all to be dealt with concern the nervous 
system in relation to behaviour. There is much to be said in favour of this novel 
arrangement. It brings & realism and human interest into the study of psycholo 
which are very often lacking in the more usual method of approach through ss 
simple laboratory exercises. For the student who approaches psychology with a 
philosophic background or even with an equipment of general theoretical biology 
probably no better road could be made. But most teachers may be inclined to agree 
that there is no one royal way to success in the understanding of psychology. A very 
large class of modern students, for example, come to chology with predominant 
physiological and medical interests. These are likely to find the early parte of Prof. 
Wheleer’s book both difficult and rather airy. But a judicious teacher will be able to 
use this book in any order that he pleases, and in that way it should certainly come to 
occupy an portent place among the many modern introductions to the science of 
psychology. It covers & vast amount of ground; it gives plenty of suggestions for ad- 
ditional reading; it is alive and interesting throughout and it does not leave the student, 
as too many texts do, wondering what that great accumulation of facts, which are said 
to have psychological bearings, lead to or indicate. Moreover, and perhaps most im- 
portant of all, it will present to any intelligent student many problems which would 
repay his investigation, and give to many the sort of orientation towards these 
problems that is likely to set them in the way of profitable investigation. 


Character $n Human Relations. By Huan HARTSHORNE. New York and London: 
Charles Scribner’s, Sons. 1932. Pp. xiv + 367. 10s. 6d. net. 


One way or another nearly all the recent work on character as an achievement 
within a social group, is dealt with in this book. First Dr Hartshorne desoribes the 
present situation, indicating the methods which are proposed for the formation of 
character and varied applications of those methods in school, in town, in club and in 
state schemes. A reader in this country can here get an interesting introduction to 
the numerous experiments which are being made in America, and many references are 
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given so that he can pursue his study further if he wishes. The second section deals 
with typical theories of character. In the third part Dr Hartshorne presents at con- 
siderable length his own picture of “character as effective funotioning." Much of this, 
ку those parts that deal with the ific function of the social group in 
character formation, is worthy of close thought.and study. Finally, an attempt is 
made to show in what ways groups, and in particular schools, may be organized with 
8 view to character training. Е 

The book should not be missed by any social psychologist. It could have been 
much better if it had been more severely pruned. But it presents a masè of information 
s" it would be most difficult to obtain elsewhere, and it contains many stimulating 
ideas. 


Alcohol and Man. Edited by Haven Emerson. New York: The MacMillan 
Company. 1932. Рр. ха + 451. 18s. net. 

Here are s series of essays by eminent American physico Dad 
anatomists, pathologists, physicians, psychiatrists and a psychologist, dealing with the 
effects of alcohol on man in health and disease. The whole volume contains six 
dealing with: the effects of alcohol on human functions; on the cell and in h ity; 
аз а poison and a medicine; in relation to body resistance and pathology; on conduct 
and mentality; and on longevity, mortality and morbidity. Throughout, the book is 
written with restraint, with abundance of evidence and in a very clear manner. There 
is no exaggeration and there is on the whole a great amount of agreement. Dr Walter 
R. Miles, who writes on the effects of alcohol on man's conduct and mentality, has 
produced just the delightful and accurate essay that would be expected. No doubt 
enthusiasts of every school of thought will find things in this volume to back y ed 
own point of view. The facts are presented, the in tions are moderate. the 
whole on most counts the case goes against anythin the most exceedingly careful 
and moderate use of alcohol. The book claims careful study in many directions, and 
deserves what it claims. . 


Psychologie Pathologique du Suicide. Рат F. AcmrLtE-DELMAS. Paris: Félix 
Alcan. 1932. Pp. хі + 237. 30 fr. 


This book is both a very whole-hearted polemic against Prof. Maurice Halbwachs’ 
recent book, Le Suicide, and an original contribution to its topic. Dr Achille-Delmas 
is convinced that so far from suicide being exclusively determined by social causes 
it is not even primarily so. Thus the Durksheim school, of which Prof. Halbwachs is 8 
distinguished adherent, is radically on the wrong lines in its attitude towards suicide. 
The first part of this book consists of an extremely interesting and devastating attack 
үл statistical methods of argument. The second part is an equally interesting study 
of suicide ав a psychopathological form of behaviour having a predominantly in- 
dividual determination. Suicide is defined as “‘Pacte par lequel se donne la mort tout 
homme lucéde qus, pouvant choisir de vivre, choisit cependant de mourir, en dehors de . 
toute obligation éthique." In this sense suicide is most frequently the expression of & 
eyclothymic personality with strong pathological predisposition towards melancholia, 
and less frequently due to a “hyperemotional” temperament. It is urged that at the 
most amelioration of social conditions might be expected to eliminate about 15 per cent. 
of suicides; the rest are an affair of “un mécanisme bi ique, où 41 menire rien 
de social.” An original, striking and learned chapter deals wi légende du suicide 
philosophique. The whole book forms an ш en and able argument, very olear 
and downright. The psychiatrical analysis might, however, be more thorough. 


L Envie: son rôle Social. Par Eucxwz Raga, Paris: Félix Alcan. 1932. 
Pp. xv + 268. 15 fr. | 

Envy is & natural and inevitable reaction of the vanquished against the viotors. 

Tt is different from jealousy, which at bottom ів a kind of fear; and from admiration, 

which springs from the same sort of situations except that the persons conoerned are 
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not competitors. Its various forms are discussed and its exhibitions in love, friendship, 
the ity, small and large social groups, among different professional organizations, 
and in political, international and religious affairs are depicted with great skill. Since 
the tendencies which are expressed in envy are a part of our common human endow- 
ment it is futile to attempt to check them by intelligent moral observations. Rather 
we must observe its functions in society, and we may be able to. regulate them by 
building up envy with other tendencies as fundamental as itself but different in 
direction. Then envy may play a part in developing modesty, in stimulating social 
effort, even in leading to a kind of natural comparison and the growth of types of social 
arbitration based upon a claim for justice. It will be obvious that this is precisely the 
kind of book that many French psychologists seem to be able to write particularly 
well. And it is a very good book of its kmd: olear, witty, incisive and full of acute 
psychological observations. 


Social Laws. A Study of the Validity of Sociological Generalisatsons. Ву K. D. 
Har. University of North Carolma Press. 1930. (London: Humphrey 
Milford.) Pp. x1 + 256. 188. net. 


The author in review a great many attempts which have been made to 
establish “social laws." The formulations produced are classified as (1) methodo- 
logical presuppositions; (2) teleological laws; (3) statistical laws; (4) near-causal laws, 
and (5) dialectical laws. Of them all Dr Har is very pro erly and reasonably oritical. 
Only two sets of proposed social laws, he thinks, з.е. G: m's law and the Malthusian 
laws of population, possess “а reasonable degree of probability. If sociology is to be 
made an exact science the most fruitful line of approach is that of causal psychology, 
but at present the social sciences are merely a mass of empirical generalisations. As 
such, however, they provide working principles for the social arts, six of which are 
disoussed by the author in a general and somewhat abstract manner. 

The book is clever, critical and well written. It may clear the ground for an attack 
upon its tangled subject which may have better chances of sucoess than those made 
hitherto. The English price of the volume seems excessive. 


History, Psychology and Culture. By A. GoLDENWEISER. London: Kegan Paul, 
Trench, Trubner & Co. 1933. Pp. хі + 475 + xii. 18s. net. 


Discriminating students of human culture have learned to expect with confidence 
that when Prof. Goldenweiser publishes an article or a book they are likely to be pre- 
sented with a careful, informed, critical, suggestive and constructive study. Much of 
this particular book has been published before, but very few readers in in this 
country can have had access to many of the most important communications that it 
contains and the‘volume deserves a warm weloome and a wide reading. Prof. Golden- 
weiser deals first with various methods of approach to the study of human culture and 
has much to say, some of it critical but all of it sympathetic and sensible, about 
psychological study in this field. He then considers theories of primitive mind and 
culture, bone ee with English evclutionist views, and with those of Sir 
James Frazer, Lévy Bruhl, Wilhelm Wundt, and Sigmund Freud. More ialized 
studies of totemism, religion and race follow. The volume conoludes with a few essa; 
of a slighter kind on various topics. The general approaoh all through is historical. Tt 
is а book that certainly ought to be in every general psychological Lieky, a book that 
constantly challenges thought, one that no reader will treat lightly even when he is 
inolined to differ from ite point of view. К 


World Chaos: The Responsibility of Science. By Үпллам MoDovuaarr. London: 
Kegan Paul, Trench, Trubner & Co. 1931. Pp. vi + 119. 3s. 6d. net. 
This little book deserves a wide reading and serious consideration. It should be 
studied not only, perhaps not primarily, by psychologists, but by all who are interested 
in the developments of modern civilization, and especially by those who are concerned 
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with scientific developments. Prof. McDougall considers that our oivilization is both 
top-heavy and lop-sided. Not only have material inventions proceeded so fast that 
the normal human capacity for satisfactory adaptation tends to be outstripped, but 
they have been altogether predominantly along the line of pss Science. For 
various reasons the biological and especially the social sciences have lagged far behind 
the main advance columns. The result is disastrous already and carries a promise of 
yet more serious trouble. Magnificent discoveries, McDougall thinks, demand mag- 
nificent men if they are to be supported. But we know and care very little about the 
production of ар men, or of societies based upon sure foundations. Not only 
80, but when mechanistic views are found to work triumphantly in one field they are 
blindly applied to all. The part of this lecture that is designed to make one’s 
flesh creep is splendid. It is sweepingly controversial, and to many readers it will 
appear to have all the exaggeration that controversial writing usually possesses, but 
it is expreased with a vigour and also with a sincerity that will stir the most sluggish 
reader to enthusiastic adherence or condemnation. The constructive part of the lecture 
is, however, nothing like so satisfactory. Perhaps within the limitations of its space 
it could not be, but in fact not very much is said except a reiterated exhortation that 
social and biological science should be more seriously cultivated. As McDougall thinks 
that it takes fifteen or степу years to produce а decent psychologist, the proposed 
remedy is a very slow one. But that too is frankly recognized. 


Crime for Profit. Edited by Ennest D. MaoDovaarr. Boston: The Stratton 
Company. 1933. Pp. xx + 355. $2.00. 


There is in America a National Institute on Mercenary Crime and Dr E. D. 
MacDo is its president. This is one of its publications and in spite of а lot of bad 
and highly emotionalized writing it contains many facts and views which the psyoho- 
logical student of contemporary society will study with entertainment and profit. It 
is concerned in the main with the social disasters threatened and achieved by efforts 
to manipulate markets of all kinds so as to get rich quickly. The editor himself does 
not measure his words when he writes of these. Violent fluctuations are required by 


gambling operations, and d operations precipitate violent fluctuations: “There 


' we have the vicious circle, в ing our beautiful, bountiful country at the throat, 


which vicious circle, by the eternal gods, must be broken pretty soon.” It would be 
very unfair, however, to suggest that all the writing is in this strain. Among the many 
collaborators, who are drawn from the most varied professions, are a good number 
who write with knowledge and without exaggeration. And, for once in a way, some of 
the most interesting remarks concern the part that education may play in counter- 
acting the spread of ‘racketeering’ methods in industry and finance. An English reader 
may be considerably helped to understand а very prevalent American attitude towards 
War Debts if he reads Dr Baine’s essay on Mercenary Crime and International Relations. 


Occupational Misfits: A Comparative Study of North London Boys Employed 
and Unemployed. By Smera Ветічатох. London: George Allen and 
Unwin, Ltd. 1933. Рр. 102. 6s. net. 


This book describes research which was undertaken to attempt to answer the 
following questions: “Do the joint efforts of parents, teachers and officials usually 
direct the London working lad towards the occupation for which he is best suited?” 
and “Can the steady employment of some, the frequent unemployment of other lada, 
be ascribed mainly to factors of an economic, social or psychological character?” 
The methods adopted are very clearly described and consist of a careful study of home 
circumstances, school records and оста experience among two comparable groups 
of lads, the one group of regularly employed subjects and the other of unemployed 
subjects. Both groups came from the same area, Tottenham in North London. The 
main general conclusions are that temperament and character are the most important 
factors determining industrial success; that present sources of vocational ide 
mostly headmasters and parents—are seriously inefficient in this respect; and that any 
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boy who leaves sohool with “an occupationally aimless outlook" is seriously handi- 
capped in his subsequent life. The main remedies suggested are a more serious attempt 
to equip parents to give reasonable vocational advice, and the extension of the voca- 
tional functions of schools by the definite appointment of careers masters. The ex- 
periment, which was initiated by the National itute of Industrial Psychology, is a 
very important contribution to social psychology. Its aims, methods and results are 
described by Dr Bevington with a clarity and conciseness that offer a model of how such 
things ought to be done, and the book should not only be widely read but should serve 
to stimulate much similarly directed research. 


Industrial Psychology. By Morris 8. Vrreces. London: Jonathan Cape. 1933. 
Pp. xviii + 652. 21s. net. 


This book possesses what the felicitous Kai Lung might describe as a “breath re- 
moving” completeness. There is hardly a problem of industrial psychology, from the 
most general to the most specific, that is not discussed, and the ав forms by far the 
most extensive text-book on the subjeot that has yet appeared in the English language. 
The framework of it is simple enough. ds pu by a study of the growth of the sub- 
jeot it goes on to discuss vocational work, training work, safety, accidente, fatigue, 
monotony, motives, social problems and management. The author has a vast, and yet 
& well organized knowledge of his subject. He writes indeed as if time and words are 
cheap and can be gone lavishly, and has a liking for the detailed description and the 
detailed anecdote. The book is a good one, however, and any student who reads it will 
have a sound knowlege of what industrial psychology has attempted, what it has done, 
and what it may reasonably hope yet to do. 


The Psychology of Sex: A Manual for Students. By Havetocn Erus. London: 
Heinemann. 1933. Pp. xii + 322. 12s. 6d. 


The need for a small, straightforward and sane book on this subject was very great. 
It exists no longer, for this volume supplies the need. Not that it is or pretends to be 
& final discussion of all the difficulties that beset this subject, but that it does give 
pe the sort of information that many people have suffered greatly from not 
ing able to get in the past, and gives it in a manner entirely free from exaggeration 
and cheap emotionality. The actual topics dealt with are the following: the Biology of 
Sex; the Sexual Impulse in Youth; Sexual Deviation; the Erotic Symbolisms; Homo- , 
sexuality; Marriage, and the Art of Love. The book is not merely a survey of the work 
of others; nor is it merely an account of specific original investigations. It is both, and 
it is a contribution to social and to individual psychology of very great importance. 
Throughout, its primary interest is in the no: manifestations of sex. The book is one 
that can be recommended strongly. Its publication should do 8 vast amount of good, 
and apart altogether from that it is a psychological study of great, forcefulness and of 
permanent value. 


Love and the Sex Emotions. By WILLIAM J. Fretpine. London: Noel Douglas. 
1933. Pp. xiv + 357. 78. 6d. net. 


On the whole this is a very good book indeed. It does not appear to be the out- 
come of original observation, but the author has read widely and has a gift of clear 
exposition and 8 capacity to select interesting and important material. It is in places 
rather incautious and inclined to dogmatize about matters that are hardly yet y 
settled. These tendencies are perhaps most marked in the discussion of the glandular 
basis of emotions, the sexual origin of the neuroses, sex and crime, sex and religion, 
and sexual symbolism. But in amongst all these are valuable and straightfo dis- 
cussions of sex emotions, of married life, of some of the more common sex deviations 
and of the individual history of sex impulses. The important psychological side of the 
whole matter receives constant attention, and is in general dealt with well. In par- 
ticular many people married or about to be married would gain help and understand- 
ing by g ныд of ана БЕ . 
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Adam et Eve ou le question des sexes. Par W. Boven. Neuchatel: Delachaux et 
Niestlé. 1933. Pp. 144. 2.60 fr. 


Adam and Eve are regarded as the ideal healthy man and woman, and in this book 
Dr Boven sets himself to write their theoretical hista from infancy to age. He is 
concerned with their relationships as typical, but rather exalted, members of the 
different sexes. On the whole the book is 8 good one, and eminently sensible, though 
it tends to become rather sentimental in many places. It is on the side of the con- 
ventions, but does not lack interest on that account, for the author finds a psyoho- 
logical justification for all his good advice and for all his arguments in favour of & 
regular and controlled sex life. It is written throughout in general terms, апа 18 not 
quite so satisfactory in its way of dealing with sex deviations as in the way it discusses 
normal sex relationships. Dr Boven is not very impressed with the value of Freudian 
psychology and some of his opinions and oriticisms are of value. Taken as a whole the 
tone of the book is exhortatory rather than informative, but there is undoubtedly 
more to be said for this method of approach than a good many modern writers appear 
to think, and in any case dt A голе: thinks (hat he must áeek mare detail at various 
points there is now no lack of books to satisfy him. From a psychological point of view 
the book might have gained if it had been made more concrete, but it remains а 
presentation of the subjeot that should be of value to normally endowed individuals. 


Motives of Conduct in Children. By Arron Нотоніѕок. London: Jarrolds. 
1933. Pp. 185. 6s. net. ; 


This book succeeds in doing exactly what it sets out to do, and in doing it well. 
Addressed in the main to parents, it contains no unnecessary technicalities. It deals 
with problems which every parent who takes any interest in his or her children must 
face, and discusses in a perfectly sane and balanced manner both their significance and 
their treatment. The topics dealt with are the following: stealing, untruthfulness, sex 
instruction, indulgence in sensation, sexual precocity, backwardness, asthma, stam- 
mering, habit spasm, bed-wetting, thumb-suoking, nail-biting, fits and night terrors. 
The most detailed discussions deal with stealing, untruthfulness and sex, but every 
topic touched upon is illuminated in a hel manner. Although the book contains 
little that is new to the psychologist, the latter could learn much from its clear and 
informed statements. To parents, nurses and the general reader, Dr Hutchison’s book 
may be recommended strongly and without reserve. A foreword is contributed by 
Prof. Cyril Burt. 


Jocasta’s Orime. By Lorn Ractan. London: Methuen & Co. 1933. Pp. ix + 
215. 6з. net. : x 


In this very downright and determined book, Lord Raglan is concerned with the 
ancient question of the origin of incest prohibitions. Psychol and anthropology 
jostle one another considerably throughout the ent, but the former has, on the 
whole, rather a bad time. For mp seven pagas rd Raglan is mainly critical. He 
considers with admirable brevity sixteen different theories and rejects them all. He 
then builds up his own view which is that incest prohibitions find their explanation in 
a number of compromises between “‘a very ancient magioal belief that it is dangerous 
to have intercourse with & woman who lives on the same aide of the stream, and & 
newer, but still anolent religious belief that in order to ensure his survival after death 
a man must marry his sister." The hypothesis is not regarded as established but Lord 

n'a historical studies lead him to think that it is at least more worthy of investi- 

tion than any other. Many psychologists may feel not disinolined to agree with Lord 

Raglama strictures upon existing psychological theories, but they are likely to wish 

to know more than he is inclined to tell them about how these ancient beliefs can have 
obtained the importance and power that they appear to possess in human society. 


, 
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Motives and Mechanisms of the Mind. By E. Granam Howe. London: The 
Lancet, Ltd. 1931. 10s. 6d. net. 


This is a reprint of twelve lectures which were given ав a post-graduate course by 
Dr Howe in the autumn of 1930 under the auspices of the Tavistock Square Clinic, and 
which were later published in the Lancet. 

The author gives his own views on the motives and mechanisms of the mind. He 
has not troubled about the teachings of Freud or Jung or Adler as such, but has taken 
from each whatever fits into his own scheme of things. He begins with в consideration 
of the primary motives, Love, Protection and Power, and of the way the normal 
mind works, and proceeds to the evolution of mind and to the various effecta of the 
father-imago, of the mother-imago and of the “feeling about Self” which we are 
assumed to inherit as the result of racial experience. A brief account of therapy is 

iven in the last chapter. The whole is interesting and readable and is well illustrated 

7 descriptions of olinical cases and by diagrams, whioh latter may add to the olarity 
of the text for some readers. One feels that the value of the work might have been 
increased if alternative views had been presented and if reasons for divergence from 
other authorities had been given. 


On the Making of Use Acquirements; the Neuro-Psychic and other Responses. 
By C. J. Bonn. William Withering Lectures, 1932. On Certain Aspects of 
Biology. London: Н. K. Lewis, Ltd. 1932. Pp. 44. 


This is a lecture which was delivered in the University of Birmingham Faculty of 
Medicine. The thesis which Dr Bond is defending is “that the method by which the 
individual cell, or the group of cells, which make up the individual organism, become 
adapted to environmental change is essentially the same kind of process as that by 
which organisms and es become adapted to changing conditions of life during 
racial evolution.” A “Use acquirement’ is defined as “that change in the structure 
and function of a cell which is brought about by direct response to Environmental 
influence." Dr Bond first studies in some detail the ‘‘neuro-psychio” response, then 
considers muscular hypertrophy, next the response made by epithelial cells to environ- 
mental change, cancer as an adaptive response, the “use-acquirements’ made 
by unicellular organisms, the response made by bone cells, and finally the acquired 
immunity reactions. It will be evident that the lecture ranges over a very wide field, 
but it raises some theoretical issues of the test importance and interest, and should. 
serve both to direct and to stimulate thinking about the course and determination of 
biological evolution. 


An Experimental Investigation of Eye Movements in Learning to Spell Words. 
By Іотнев С. GIBERT. Psychological Monographs, xri, No. З (Whole 
No. 196). - Psychological Review Publications. 1932. 


This monograph describes how the eye movements made by children and adults 
in studying the spelling of difficult words were pho phed upon & moving film, by 
the method of Dodge, C. T. Gray and others. From the thorough and careful records 
obtained, it was found that good spellers could be differentiated from poor spellers by 
the smaller number and duration of their fixation pauses, and the smaller number of 
regressions, especially those of the wildly oscillating kind. As spelling became per- 
feoted, the study of difficult words more speedily, regularly and with in- 
creasing width of perceptual span. Some letter combinations became familiar before 
others, and the easy sections were then rapidly dismissed, while the harder sections 
were carefully analysed. Poor spellers failed to develop this procedure; and the author 
conoludes that it should be demonstrated in teaching spelling. But nothing is said of 
the importance of connecting the spelling of words to their meaning and etymological 
derivation—surely & far more effective method of combating poor spelling than the 
enforcement of attention to the unrelated perceptual elements of words. 
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The Measurement of Visual Acuity. Ву R. J. Іутнаок, with assistance by 
Dororay E. Совкпл, and with a section by Е. 8. Pearson. Medical Re- 
search Council Special Report Series; No. 173. London: H.M. Stationery 
Office. 1932. Рр. 85. 18. 6d. net. 


The general problem of this monograph is the relation between visual acuity and 
illumination, and ite treatment is distinguished, not only by most able experimental 
. technique and lucid SD but also by a recognition of the many psychological 

questions that are involved. Lythgoe shows clearly the importance of ibo. end-point 
criterion that is adopted in acuity experimenta, the effect of the brightness of sur- 
rounds on visual acuity, the influence of glare, the precautions necessary in the use of 
test-types, and the significance of observers’ ова in this type of experiment. А 
statistical section is added by E. 8. Pearson. Both for the importance of the resulte 
obtained and as a model of scientific еше; this report deserves wide study 
among psychologists who are concerned with a sound biological development of their 
science. 


Untersuchung der Entwicklung des Zeichnens. Von H. GaAgwz. Halle: Hermann 
Schroedel. 1932. Pp. 180. 


Dr Graewe ss in infant schools, in schools for older children— 
up to the age of 14 y withafew adulte. He studied, under various conditions, 
the e of common objects, geometrical drawing and drawing from imagina- 
tion. The result is a comparative study of capacities and tendencies in graphio repre- 
sentation which is of considerable interest. Graewe. points out that an initial sorawling 
or scribbling Калу which has hints of definite shape and representation within it 
develops Fr into a stage of genuine representation. He discusses in detail the 
relation of the different kinds of drawing which he studied to these stages. The book 
contains an excellent bibliography. 


The Psychology of Literary Appreciation. Ву D. С. Овғтітнв. Melbourne: 
Melbourne University Press (Oxford University Press). 1932. Pp. 142. 
4з. net. ° 


This monograph is published by the Australian Council for Educational Research. 
The topics dealt with are: the Origins of Literature; Reason and Imagination in 
Literature; Imaginative Activity during Appreciation; the Aesthetic Mode of Ex-, 

rience; Literature as Relaxation and‘Adjustment; Expression; Details of Form; the 
Beine of Beauty; the Influence of Environment; Educational Significance, and the 
Experimental Approach. Most of the discussion is on a general plane, but it is clear, 
suggestive and well expreased. A programme of is formulated. 


Du Cheminement de la Pensée. Par Ёмпк Мкүнввом. Paris: Félix Alcan. 
1931. L’ouyrage complet en 3 volumes. Pp. xxvii + 1036. 180 fr. 


It is wholly impossible, within the limits of a short note to give any adequate ac- 
count of this learned and brilliant treatise. M. Meyerson has written a continuous 
argument extending over more than 700 pages, and has added notes covering more 
than another 250 pages. His general оен is how the way of Шош, whioh is 
fundamentally the way of identity, stability, order, can be reconciled with the way of 
‘sensation which is that of diversity, change and apparent disorder. His outlook and 
his problems are pred logical and. the psychologist will not find very muoh that 
deals directly with his particular realm. But of necessity many psychological pro- 
blems are involved, and the student of psychology whose mind turns towards logic 
will find much to attract and stimulate him in this massive work. 
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Experimental Psychology. By HUBERT GRuENDER. Milwaukee (New York, 

Chicago): The Bruce Publishing Co. 1932. Pp. xiii + 455. $2.50. 

The contents of this book consist mainly of a selection from the experimental work 

E has been performed on the oognitive processes. Muoh of the material dealt with 

important and interesting, more particularly the work of the Wurzburg school on 
the higher thought processes and upon the will. Unfortunately the book is i n 
polemio against sensationalism; and the biased attitude of the author, his do, 
statements (this applies also to his treatment of instinct), and his one-sided selec’ ree 
of data do little to help the development of the critical attitude which he desires in 
his students. His use of italics is as infuriating as it is unnecessary. 


Morfologi og Syntax: oe Bidrag til Sprogets Theori. Af Viaao. BRONDAL. 
Copenhagen: G. E. C. Gad. 1932. Pp. xvi + 108. 


Mileu und Stlbstbestimmung in der individuellen Entwicklung. Von WALKER 
Porr. Langensalza: Hermann Beyer und Sóhne. 1930. Pp. viii + 166. 
RM. 4.30. ` 
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General Meeting, arranged by the Aesthetics Section. “Why do 
we act and how do we aot?" By Miss Ersm Боаевту. 


LECTURES. 


“Some Psychological Factors in Religious Experience.” By Rev. 
Professor E. S. WATERHOUSX, D.D., М.А. 


SECTIONAL MEETINGS, 
MEDIOAL. 

“Psyoho-synthesis” or “Evolution in the Light of Freudian 
Psychology.” By Mr C. C. Faaa. 

“An Appreciation of the Debt which the Dentist of the Future 
will owe to the Psychiatrist.” By E. W. Bropzriox, M.R.O.8., 
L.R.C.P., L.D.S. 

“Emotion Styes and Tarsal Cysts.” By W. 8. Doran, М.В. 

“Psycho-Neurotic Syndromes in Childhood." By Dr MELITTA 
Ванмтревево. 


Epvoation. 
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Fazrow, E. P., D.80., Limehurst, S ing. 

Fzaszr, Miss L., M.A., Trini Duke Street, Southport, 

Freauson, R. W., В.Во., A.R.C.8., “The Yellow House," Kentish Lane, 
Brookmans Park, Herts. 

Fæ, H. E., M.A., с/о New Zealand House, 415, Strand, W.O. 2. 

Frnpzs, Miss L. G., B.A., 9, Culverden Avenue, Tunbridge Wells. 

Еізнив, R. C., B.A., 24, Pembridge Gardens, W. 2. 

Frrog, Автнов A., M.R.C.8., L.R.C.P., 25, Rodney Street, Liverpool. . 

Fimma, Miss O. M., M.A., Ed. B., Ph.D., 55, Campbell Street, Greenock. 

Етемтка, G. W. T. H., M.R.C.S., L.R.C.P., D.P.M., Firbank, Burghill, Here- 
ford 


M.E.LAe. Frvaxr, Prof. J. C., B.A., D.So., 11, Albert Road, N.W. 1. 
MEI. Frvamr, Mrs J. C., 11, Albert Road, N.W. 1. 
M.E.I.Ae. Froazr, Mrs Many, 54, Harley House, N.W. 1. 


M. 


Forpuam, M. S. M., B.A, M.B., B.Chir., M.R.C.P., Long Grove Mental 
Hospital, m, Surrey. 

Fonsrzs, Prof. L., M.A., The University, Hong Kong. 

Ковзутн, D., D.8o., F.R.C.P., M.D., 67 a, Harley Street, W. 1. 

Fowrxs, Н. L., M.A., Ph.D., The University, Crawley, Western Australia. 

Fox, 0., M.A., Warkworth House, кш 

Fox, Miss Еткгум, Central Association for Mental Welfare, 24, Buckingham 
Palace Road, S.W. 1. 

Fox, 8. J., B.A., Box 3541, Johannesburg, S. Africa. 

FRANKEFORD, Miss A. A., B.A., 77, Broadhurst Gardens, N.W. 6. 

FRANELIN, Dr M. E., M.B., B.S., 3, Bulstrode Street, Welbeck Street, W. 1. 

Franxs, Miss H., $4, Brunswick Square, W.C. 1. 

Евавюв, J. A., M.A., B.Ed., 29, Glendale Avenue, Burnage, Manchester. 

FRIEDENHAIN, Mrs PAULA, 28, Rosecroft Avenue, N.W. 3. 

FaopsuHAM, Miss M., B.So., 22, Somerset Terrace, W.O. 1. 

Frost, L., B.A., Manchester University, Manchester. 

Favzs, D., B.H., A.M., Ph.D., New York University, University Heights, 
New York City, U.8.A. 

GABLER, Mrs RosaLrE, 129, King Henry’s Road, N.W. 3. 


Garurm, Miss J. B., M.A., College, Jordanhill, Glasgow. 


Garror, Dr E., 13, Belsize Park, don, N.W. 3. 

Ganava, R., Ph.D., Bd. Dondoukov, 97, Sofia, B i 

Gans, Mrs Howarp, 151, Central Park West, New York City, U.S.A. 
GARDNER, Mrs E. A., B.A., Stamford House, Wimbledon Common, §.W. 19. 
Garnett, J. C. M., M.A., So.D., 21. Well Walk, N.W. 3. 

Олу, Miss Franous, B.A., Ph.D. (Lond.), Child Study Dept., Seattle Public 


Schools, Seattle, m hae 
. Gipson, Miss A. M., 337, Holly Mansions, London, N. 6. 


Grsson, Н. C., M.B., 15, Comiston Terrace, Braid Road, Edinburgh. 
GirsxnT, Sister Маву, M.A., Notre Dame College, Dowanhill, Glasgow, W. 2. 
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Grrr;xspra, R. D., MLD., Ch.B., D.P.M., 49, Wimpole Street, W. 1. 

Сакхавква, Prof. M., M.A., D.Litt., London School of Economies, Houghton 
Street, ‘Aldwych, W. 6. 2. 

ka i ny MB., B.S. (Lond.) Northumberland House, Finsbury 

ar 4. 

Grzavzs, E., М.бо., M.Ed., M.B., Ch.B., St John’s Chambers, 12, St John's 
Street, Manchester 

Gross, Miss HELEN O., ‘B.A, 58, Bartholomew Road, N.W. 5. 

GLOVER, EDWARD, M.D., 18, Wimpole Btreet, W. 1. 

Goo», Т. S., M.R.C.S., L.R.C.P., Oxford County and City Mental Hospital, 
Littlemore, nr Oxford. 

kus Gxonam, B.So. (Econ.) Lond., 8, Aberdeen Court, Highbury, 


Gordos, R. G., M.D., F.R.C.P., 9, The Circus, Bath. 

GossaBArx, Miss J. oan, B.A., 38, Hereford House, North Row, W. 1. 

Gossz, Miss E. T. 

Govrsros, Mrs B., B.A., 75, Cornwall Gardens, 8.W. 7. 

во Miss EDITH M. "BA, Principal, St Katharine's College, Tottenham, 

17. 

Grant, Miss C. R., B.Ed., M.A., 14, Greenhill Terrace, Edinburgh. 

GREENS, G. H., BSo., MA. Ph.D., Dept. of Education, University College 
of Wales. Aberys 

Сввиннии,, E., 68, Glenoairn Drive, Glasgow, S. 1. 

Gama, J. Y. T. MA, D.Litt., Armstrong College, Newcastle-on-Tyne. 

Grewat, Miss D. K., ‘MLA, ojo Payololoey Laboratory, University College, 
Gower Street, W.O. 1. 

GairrrTHS, Miss R., B.A., Abulslea Street, Wilston, Brisbane, Australia. 

Ginraoa-Surrg, Rev. 'т., МА, Warley Vicarage, Halifax. 

Gampzzsz, б. C., MA, B.So., Psychological Laboratory, Cambridge. 

HADFIELD, J. А., MB. 9, Harley Street, W. 1. 

E ru R., M.A., B.8o. , The Principals Lodge, Borough Road Training 


o, Isleworth. 
Hari Dur H. R., M.A., M.So., Ph.D., Dip.Ed., Institute of Education, 
Southampton Row, W.C. 1. 
НАмгүн, Mrs P., 38a, Clanricarde Gardens, W. 2. 
HAMMERTOR, Miss E., В.бе., 51, W. Road, Harrow. 
HAMMOND, Miss MARJORIE, BA, The University, Birmingham. 
Hameton, F. A., MB., Blue Spur, Chesham Bois, Bucks. 
HAEBINSON, Miss M. R., B.A., Mill Bank, Elgin, N.B. 
HARDOASTLZ, D. S eT M. K e ab L.R.C.P., Mountgrove, 102, Fitzjohn's 
Avenue, Ham 
HarD, J. L., M.A., В. ЕТМ c, Blenheim Avenue, sy saa Сават 
Haroma, D. W., B.A., 61, Seymour House, Compton Street, W.C. 1 
HARGREAVES, Dr G. R., University College Hospital, W.O. 1. 
НАВОВЕАҮЕВ, Rev. Н. L., MA., B Mas., The Clergy House, 2, Spencer Hill, 
B.W. 19. 


M.E.Ae. HARGREAVES, Miss L. J., M.Sc., Southlands College, Wimbledon Park Side, 


M. 


M. 


S.W. 19 

Harpur, R. 8., M.R.C.8. (Eng.), ), L.R.C.P. (Lond.), F.R.M.8., Med. Supt., Min. 
of Pens. Neur. Clinic, B hton, 36, First Av., Hove, Sussex. 

HagBnowzsE, Miss M. R., 65, ber Gloucester Place, London, N.W. 1. 

Harr, BEgNARD, M.D., 1, Harcourt House, Cavendish Square, W. 1. 

Hawrnxy, Miss F., Avery Hill Training College, Eltham, B.E. 9. 

Havas, A. E., F. RS. A. 

Havas, E. D., M.D., D.P.M., Berry Wood, Northampton. 

Harton, Miss MYRA, N.F.U. and Diploma in Psychology (Univ. Lond.), 
20, Priory Road, Edgbaston, Bi 

Hra, Sir Нянву, M.D., F.R.S., Hartley Court, Reading. 

THEZEARNSEAV, L. 8., В.А, Hammerwood, Oxted, Бира 


E. 


British Psychological Society 
Hemos Prof. D. K., M.D., Tipperlinn House, Morningside Place, 


сынын d А. F., M.A, BEd, Direotor of Education, Education 
Offices, Wellington Square, А: 

Нтснихв, W. L., M.A., 3, Central uildings, Westminster, 8.W. 1. 

Hroxs, Prof. G. D. М.А. Ph.D., Litt.D., 9, Cranmer Road, Cambridge. 

Hroma. Sister MARI, Notre Dame, Dowanhill icu 00. ae Glasgow. 

Hux, J. C., M.8o., 22, Leybourne Park, Kew Gardens, Surre; 

Bin T. R, MD., M. R. C.P., Northern Hospital, Wirichinor Hill, N. 21. 

Hocanr, Mrs E. G., 12, Brunswick 8 quare, W.C. 1. 

Houantt, Prof. R. F. À., M.A., B.Sc., The University of the Witwatersrand, 
Johannesburg 

HorrANp, Mrs Ww. E. S., B.Sc., 8t John's College, s: Indis. 

HOLLANDER, BHRNARD, MD., 57, Wimpole Street, 

Номлок, Miss V. D., Northamptonshire Home for iris, The Avenue, 
Dallington, Northampton. 

Horr, Miss M., The Training College, Dudley, Worcestershire. 

Horr, A. E., M. A., B.Ed., The Academy, Forres, Mora; 


M.E.I. Ae. HOPE, THOMAS, MA, B. Ed., 17, Wilton Road, Edinburg 


М.Е. 


ER 


BRE BRM E 


Bl 


EH BE BREE 


bits 
= 
p 


B 


== 
B E 


EE 


Норкінз, Dr Perss, M.A., University College, Gower Set W.C.1. 

Ножрех, R. A., 27 a, Cornwall Gardens, S.W. 7. 

Howz, E. GRAHAM, M.B., B.S. (Lond.), D.P.M., 146, Harley Street, W. 1. 

Howrz, Mrs M., 8, Middleby Street, Edinburgh. 

Husann, Miss D. G., MAS 16, Gordon Street, Gordon Square, W.O. 1. 

Новатчв, Miss L. М, 111, Hazellville Road, N. 19. 

Ноанев, "A. G., Ph.D., B.So., M.Ed., 45, Harvard Road, Isleworth. 

Huauzs, D. E. R. Fron Dêg, Mold, N. Wales. 

Hvuamss, Mrs E. H., B.A., 45, Harvard Road, Isleworth. J 

Неи ns G., M.A., 10, Holborn House, Baldwin’s Gardens, Gray's Inn Road, 
О. 1. 

Нонхувох, Miss N. K., 110, Elm Tree Road Mansions, N.W. 8. 

HvroHisoN, Dr Arroz M., 28, Wimpole Street, W. 1. 

е Dr L. F., B. A., M.R. Gs. L.R.C.P., 16, Mecklenburgh Square, 
.C. 1. 

Imana, Prof. M., Dwansi Gakuin, Koto-Mura, Hyogoken, Japan. 

Inman, WiLLrAM S., M.B., 22, Clarendon Road, Southsea. 

Isaacs, N., 160, Primrose Hill Road, N.W. 3. 

Isaacs, Mrs §., M.A., D.Sc., 160, Primrose Hill Road, N.W. 3. 

Isaacs, S. D., М.В. (Camb.), D.P.M., 8, Harborne Road, Edgbaston, Bir- 
ingham. 

Issam, N., B.S., M.A., Ph.D., Bethlem Royal Hospital, Beckenham, Kent. 

JAMES, G. Wat B., M.D., 124, Harley Street, W. 1. 

Jamms, H. E. O., В. A, M.So., The University, Manchester. 

JAYASUBIYA, T. D., St Valentine’ в, High Street, Wellewatte, Colombo, Ceylon. 

JEXFREYS, HAROLD, M.A., D.So., St John's College, Cambridge. А 

Jurrenys, M. V. С., M.A. Охот), Armstrong College, Newcastle-on-Tyne. 

Jenin, Miss Annta M., M.A., 78, Alleyn Road, D Dulwich, 8.E. 21. 


. Jessop, Prof. T. E., M.C., MA., B.Litt., University College, Hull. 


JHA, BHAIRAV Матн, В. Bo., LT., B.Ed., U.P.I.S., Training College, Alla- 
habad, U.P., India. 

JOHNSTON, E KATHERINE L., M. A., Maria Grey Training College, Salisbury 

6. 

JONES, t MLD., M.R.C.P., 81, Harley Street, W. 1. 

JONES, Miss E. W., B.A., St Mary's College, Cheltenham. 

JoKgs, Lu. Www, M.A, В.8о., Ph.D., Bryntirion, Bideford Avenue, 
Roundhay, Leeds. 

Joxzs, Miss V. G. A., B.A., 3, Holl M pert er ооа a E N. 6. 

JosxPH, Miss O. M., 81, Holland ‘ark, 

JoYcE, WILLIAM, B.A. (L.O.P. ), 41, Farquhar Road, S.E. 19. 
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KANDIL, A. M., Sub-direotor of Institute of Education, Mounira, Cairo, Egypt. 

Karr, Mrs D. M., M.B., B.S., B.So., 25, Randolph Crescent, London, W. 9. 

Kay, L. J., 42, Wilson Street, E. 14. 

Krarmar, M. W., MLA., Tommy’s Heath, Boars Hill, Oxford. 

Килу, Smon, В.8о., M.R.C.8., L.R.C.P., 28, St John Street, Manchester. 

KEMP, PETER, M.A., B.D., 6, Minard Road, Partickhill, Glasgow. 

KENNEDY, Miss F., M.A., Ed.B., 9, Devonshire Terrace, Glasgow, W.2. i 

Kunnupy-FRasue, Davin, MA, B. 80., Edge о? the Moor, Milngavie, Dum- 
bartonshire. 

KENNETH, J. H., M.A., Ph.D., “ Westerton,” Helensburgh, Dumbartonshire. 

Kuper, Miss M., M.A., Groombridge House, Altrincham, Cheshire. 

Kung, R. B., M.A., B.Ed., 45, Melville Street, Portobello, Edinburgh. 

Kxuraous, Joms, M.A., B.Ed., 98, Nether Street, Kirkcaldy. 

кич та О. W., M.A., D.Sc., National Liberal Club, Whitehall Place, 

1. 

Kina, C. F. E., M.A. (Cantab.), 8, Balcombe Street, London, N.W. 1. 

Кіна, Rev. J. LEYOESTER, S.J., Heythrop College, Chippi Norton, Oxford. 

= F. J., B.So., с/о Industrial Health Research 38, Old Queen 

‘treet, S.W. 1. : 

urere T B., B.A., 16, rn b LW 8. 

Krier, Mrs MELANIE, 930, Linden Gardens, W. 

Kram, À. R., M.A., The University of pre Aberdeen. 

Kory, MORBIS, M.R. С. S., L.R.C.P., 101, Canfield Gardens, N.W. 6. 

Krauss, Б. A., MD., D. Bo., Norwood, Kinghorn, Fife. 

LADELL, R. MaoDoxAr, M.B., Ch.B., 395, Coventry Road, Small Heath, 
Birmingha: 

Lany, Prof. J. T, École Pratique des Hautes Fade 22, Avenue de l'Obser- 
vatoire, Paris XIV. 

Iam, Miss Isapgr, M., M.A., B.Ed., 22, Dudley Gardens, Edinburgh. 

Lar», Prof. J., Powis Lodge, Old Aberdeen. 

Larr, Mrs D. M., The Dept. of Fine Art, Armstrong College, Newoastle-on- 


Tyne. 
Laxepon, J. N., B.Sc., Ph.D., 32, Longmore Road, Shirley, nr. Birmingham. 
Lavauxn, J. H., Ravenscar, Road W., Tipton, Staffs. 
Lavy, C. R., M.D., 8е.Р., Castello 17, Madrid, Spain. 
EAM ов, Miss E., В.8о. (Econ., Ph.D., 11638, King Henrys Road, 
W. 3. 
Lavoook, 8. R., M.A., B.Ed., Ph.D. (Lond.), University of Saskatchewan, 
Saskatoon, Saskatohewan, Canada. 
Le Овоз Crang, F., В.А. (Oxon.), 190, Eagle Street, Holborn, W.C. 1. 
Lzz, K., Old House, Ashley Heath, Hale, i 
Leer, Mies M. A., B.8o. (Есор.), 103, Corringham Road, N.W. 11. 
Lews, Dr A. J., M.D., M.R.C.P., Maudsley Hospital, Denmark Hill, S.E. б. 
. À., BA, ET, Loughton, Essex. 
MA, D.Sc., M.R.C.8., L.R.C.P., 34, 'Cholmeley Crescent, 
às 
G. 


N.6 

R., B. run ae Phillimore Gardens, W. 8. 

Lewis, Miss » on Street, W.C. 1. 

LENNY, Mrs Е. м E) ., Ruby Street L.O.C. School, Old Kent Road, S.E. 15. 

Liss, WinLIAM, M.A., Ph.D., University of Toronto, Toronto 5, Canada. 

LITTLEJOHN, s. Miss M. V., M. D., D.Ph., 17, Warwiok Plaoe, Leamington Spa. 

Lrorp, H., Dol-Eglwys, Builth Wells, Breconshire. 

Lrovp-DAVIES, Miss M. H., M.A., Fairfleld, Brimstage, nr Birkenhead, Wirral. 

Lopes, Miss J., M.A., Lane End, Harpenden, Herts. 

Lorp, Boa T. Oxford County and City Mental Hospital, Littlemore, 
nr Oxfo 

Іовріха-Ноор, Miss М. E. B., B.A., “Moreton,” Eastleigh, Hants. 

Lonzgars-Surrg, Miss I., M.A., 18, Oak Road, Withington, Manchester. 

ТютнтАк, A. J. D., M.A., 9, Coates Gardens, Edinburgh. 
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. Mason, Miss K., M.A., 


British Psychological Society 
Tora ун H., M.A., Rowanbank, Craigendoran, Helensburgh, Dumbarton- 


Low, Miss B., B.A., 3, Bulstrode Street, London, W. 1. 
ic E > Dr M. F. J., M.R.C.S., L.R.O.P. (Eng.), 21, Devonshire 
. l. 
Lowsox, J. P., M.A., M.D., University of Queensland, Brisbane, Australia. 
Lucas, Miss R. E., M.B., Ch.B., М.К.С.8., L.R.C.P., The London Child 
Guidance Clinit, 1, Canonbury Place, London, N. 1. 
MEA X M.A., B.Ed., Board of Education, Medical Branch, White- 
.W. 1. 
MABERLY, Атан, M.A., M.B., B.Ch., L.R.C.P., M.R.C.S, Dean Manor, 
Meopham, Kent. . 
MAQAULEY, Miss E., M.A. (Oxon. and Birmingham), 7, Prospect Street, 
Exeter, Devon. 
Мловетн, Arison N., M.B., B.S. (Lond.), 32, Woburn Square, W.C. 1. 
MacCatman, D. R., M.B., Ch.B., Alderdale, Carrbridge, Inverness-shire. 
MacOvrpy, Dr J. T., Corpus Christi College, Cambridge. 
Mio, C. A., MA., The Peyoholomdal Dept., The University, St Andrews, 
Fife. 
Mackay, Miss MARGARET, M.A., 12, Baldwin Crescent, London, S.E. 5. 
Maogay, R. J., B.A., о/о Management Research Groups, 23, Bloomsbury 
Square, London, W.C. 1. 
ME Mrs N., M.A. (Oxon.), Bethlem Royal Hospital, Beckenham, 
ent. 1 
Maokznzrg, Sir W. L., M.A., ALD., 14, Belgrave Place, Edinburgh. 
Maca, Jons,’ M.A., D.Sc., 19, Beresford Avenue, Leith. 
MaoLzop, J., 177, Hill Street, Glasgow, C. 3. 
Maonaventon, Mrs D. A., Forum Club, 6, Grosvenor Place, S.W. 1. 
MAONIYEN, Ancus, M.B., Ch.B., D.P.M., Glasgow Royal Mental Hospital, 
Gartnavel, Glasgow. 
MACBRAE, ANGus, M.A., M.B., ChB., 68, Corringham Road, Hampstead 
Garden Suburb, N.W. 11. 
MacTaagant, Dr M. M., M.A., B.Ed., Ph.D., 23, Brunswick Square, W.O. 1. 
Maxuzanat, M. H., M.A., The Institute of Education, Mounira, Cairo, Egypt. 
MANLEY, Miss M. M., M.B.B.S., 285, Lillie Road, Fulham, S.W. 6. 
Mannina, W. E., 18, Sunnymead Road, Roehampton, S.W. 15. 
Manrss, EDWARD pz, 12, Bt James's Square, S.W. 1. 
Marg, Н. 
Manspzm, R. E., B.So., 45, Milton Avenue, Wellsway, Bath. 
Мавтіх, Dr À. H., M.A., Hon. Director of the Australian Institute of 
Industrial Psychology, 26, Connell Street, Sydney, N.S.W., Australia. 
Soll Picture Theatre, Kingsway, W.C. 2. 
Marraugw, D., M.B., Ch.B., 59, Holland Park, W. 11. 
McAr?INE, W., L.R.C., 14, Parkgrove Terrace, Glasgow, W. 
MoCarruM, Miss C., M.A., B.Sc., ELB., 377, Bath Street, Glasgow. 
MoCARzTRY, mm БКАРНАЕ, O., S.J., Ph.D., 8t Louis University, St Louis, 
Mo., U.S.A. 
MoCrErraND, Wm, M.A., В.8о., B.Ed., Riverdale, 83, Monifieth Road, 
Broughty Ferry, Forfarshire. 
MoCrENNAN, Miss Маву, 13, Warrender Park Terrace, Edinburgh. 
MoCruskzv, Miss M. C., M.A., Ed.B., 80, Barrington Drive, Glasgow. 
MoFanRLANE, Miss C., 28, Mecklenburgh Square, W.C. 1. 
MaFARLANE, Miss M., Ph.D., 3 a, North Grove, Highgate, N. 6. 
MoGowan, Rev. H., M.A., Aston Vicarage, Birmingham. 
McKay, Miss ELIZABETE, 128, Mayfield Road, Edinburgh. 
MoK zxzrz, Rev. J., M.A., с/о The Foreign Mission Office, 121, George Street, 
Edinb 3 
Mrans, Mrs Dorormy M., M.A., Ph.D., Diocesan Training College, Ditohling 
Road, Brighton. 
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MEARS, Ms зке М.В., Ch.B., Astley Ainslie Institution, Grange Loan, 

Mauars, W. Q. A., M.A., Rondebosch Boys School, Camp Ground Road, 
Rondebosch, Cape, S.A. 

Manon, M. P. Kusava, M.B., B.Ch., 77, Church Street, Edmonton, N. 7. 

Maussuncrr, Rev. Eenust, Ph.D., North Lodge, Poles, Ware, Herts. 

MESSER, ANDREW, M.B., B.Sc., Medical Officer of Health, Leamington-on- 
Tyne, Northumberland. ° 

Mussur, W. J., M.So., Cheetham Special School, Manchester. 

Murs, GEonoE H., D.8e., Burlington, Richmond Road East, New Barnet. 

Mourre, Miss D. E., M.A., Coundon Court, Coventry. 

Миїиш®в, Miss E., 31, Pemberton Gardens, N. 19. 

Mime, E., M.A., M.R.C.S., L.R.C.P., 28, Wimpole Street, W. 1. 

Mrmr, Prof. E. M., University of Tasmania, Hobart, Tasmania. ` 

Murs, Prof. A. E., о/о Librarian, Fisher Library, University of Sydney, 
Sydney, Australia. 

Мтїтонкгї, T. W., M.D., Hope Cottage, Hadlow, Kent. 

Монлммер, А. Z., B.8c., The University, Edmund Street, Birmingham. 

Мохву-Куврге, R., Ph.D., M.A. (Camb.), Whetham, Calne, Wilts. 


Moreton, Frank E., M.A., Highfield, Slip Lane, Old Knebworth, Herts. 
Morean, G. D., M.A. M.R.C.8. L.R.C.P., Harlency, Orchard Road, 
Reigate, Surrey. 


шик ad G. YD, LL.D., F.R.S., 79, Pevensey Road, St Leonards- 

on . 

Мовтох, Dax. M., M.A., B.Sc., Education Department, Marischal College, 
Aberdeen. 

Мозтүн, Capt. J., M.A., Deeralea, Broadway, Llandrindod Wells. 

Mowat, Gxo., M.A., B.Ed., Education Department, Moray House, Edin- 
burgh. 

Moxon, C., М.А., 1980, Washington Street, San Francisco, California, U.S.A. 

Mum, A, MA., B.Sc., Ph.D., 18, S Terrace, Edinburgh. 

MumrorD, Miss Sarna C., B.A., S doc Court, Maida Vale; W. 9. 

Munpay, Miss Ross E., St Marv's Convent, Wantage, Berks. 

Morro, M. S., M.A., B.Ed., 68, Knightlow Road, Harborne, Birmi 

Мовтт, Capt. G. S., L.M.8., Lattice Bridge Road, Adyar, Madras, S., S. India. 

Мозото, Mrs B., Neots Avenue, Potte Point, Sydney, Australia. 


.LAe. Myurs, C. S., M.D., 8е.Џ., F.R.S., 5k, Montagu Mansions, W. 1. 


NATHAN, Mrs E., 102, North End House, Fitzjames Avenue, W. 14. 

Мизон, Wum N., 60, Ruthin Road, Blackheath, S.E. 3. 

Nevar, Miss E. Мпрвир, Oakington, The Ridgeway; Enfield. 

NxwcoxBE, Miss M., B.A., 52, Northway, N.W. 11. 

Nroorrzx, Miss G., M.B., B.8., Bowden House, Harrow-on-the-Hill, Middlesex. 
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interested in the various branches of Psychology. 

3. The Society shall be responsible for the publication of The British 
Journal of Psychology. 


MEMBERS AND SECTIONS. 


4. TheSociety shall consist of Honorary Members, Ordinary Members 
and Sectional Associates. 

D. Persons of scientific distinction who have contributed to the 
advancement of Psychology shall be eligible for election as Honorary 
Members. 

6. Honorary Members shall be entitled to all rights and privileges of 
membership. 

7. Honorary Members may be elected from time to time on the 
nomination of the Council at any General Meeting of the Society. 

8. The Council shall be empowered to institute Sections oi the Society, 
each Section being concerned with a special branch or aspect of Psy- 
chology. 

9. Election to a Section or Sections shall $pso facto constitute election 
to the Society as a whole and entitle those so elected to receive notice 
of and to take part in all General Meetings of the Society in addition to 
the meetings of the Section or Sections to which they belong. 

10. Sections shall have the right of electing Sectional Associates who 
shall receive notice of and shall be permitted to attend all Meetings of 
the Section or Sections to which they belong. Such Sectional Associates 
shall however take no part in the Government of the Sodiety or the 
Sections, and they shall not receive The British Journal of Psychology. 

10a. Transfer from Sectional Membership to Sectional Associate- 
ship may take place on January lst only, and after not less than віх 
months' notice from the Member of his wish to transfer. 

11. The procedure as regards the election of Sectional Associates 
shall be the same as that in the case of Members. 
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12. Every Candidate for election to the Society shall be recom- 
mended by at least two Members who shall be prepared to furnish 
information as to the Candidate’s qualifications for membership. No 
Candidate shall be submitted for election to the Society who has not 
first been approved by the Council or by a Sectional Committee. 


13. A Candidate who has been approved by the Council or by a 
Sectional Committee shall be nominated for election at the next General 
Meeting of the Society, or at the next Meeting of the Section respectively. 


14, One full week before the Meeting at which the ballot is to take 
place, the Secretary shall send to each Member a balloting paper con- 
taining the names and addresses of the Candidates and the names of 
their proposers. ` 


15. Any Member unable to attend a Meeting at which a ballot is 
to take place can vote by sending his balloting paper to the Secretary. 


16. One adverse vote in five shall exclude. 


17. To vote for a Candidate, a Member must prefix a cross to the 
Candidate's name; to vote against a Candidate, he must erase the 
Candidate’s name. Members who wish to record a vote neither for nor 
against a Candidate must leave the name untouched. 


18. Any Member whose subscription remains unpaid for two years 
may, after receiving due notice, be removed by a resolution of the 
Council from membership of the Society. 


19. Whenever it shall be proposed to remove а Member from the 
Society for any reason other than failure in payment of subscription, the 
matter shall be brought as a formal resolution before the Council or one 
of the Sectional Committees (whichever it shall most concern). In the 
event of the resolution being passed, a ballot shall be held for the removal 
of the said Member at the next General Meeting of the Society, or at the 
next Meeting of the Section respectively. Should two-thirds of the 
Members voting vote in favour of the removal of the Member, that 
Member shall be removed from the Society. 


20. If at any time it is desired to abolish any Section or Sections, 
to subdivide any Section or Seotions, or to amalgamate two or more 
Sections, a Special Meeting of the Section or Sections concerned may be 
called for this purpose according to the conditions laid down in Rule 44. 
Resolutions passed at any such Meeting shall be reported by the Sectional 
Secretary or Secretaries concerned to the next Meeting of the Council. 
Should the Council approve of such resolutions, such resolutions shall 
immediately take effect. But should the Council formally express dis- 
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| approval of any or all of the said resolutions, these resolutions shall be 
considered by an Extraordinary General Meeting of the Society sum- 
moned in accordance with the conditions laid down in Rule 44 and the 
decision of this Meeting shall be final. 

In the case of the desire to abolish any Section or Sections, the 
following alternative procedure may be followed. An Extraordinary 
General Meeting of the Society shall be summoned in accordance with the 
eonditions laid down in Rule 44, and any resolution passed at this Meeting 
regarding the abolition of the said Section or Sections shall be final. 


OFFICERS, COUNCIL AND SECTIONAL COMMITTEES. 


21. The business of the Society as a whole shall be conducted by a 
Council consisting of the President, Vice-Presidents, Treasurer, General 
Secretary, Librarian, Editors of The British Journal of Psychology, one 
representative each of every Section and Branch to be nominated by the 
Sectional and Branch Committees, one representative of the Committee 
for Research in Education to be nominated by that Committee, and of 
six Ordinary Members, and not more than two members co-opted by the 
Council ` 

22. The President of the Society shall hold office for three years and 
shall not be eligible for re-election until after the lapse of a further 
period of six years. Every President shall at the termination of his 
period of office become a Vice-President for a period of six years. The 
other officera of the Society shall retire annually but shall be eligible for 
re-election. Co-opted members of the Council shall.cease to hold office at 
the Annual General Meeting of the year of their election. 

23. Every year two Ordinary Members of the Council, having served 
for three years, shall retire and shall be ineligible for re-election until 
. after the lapse of one year. 

24. Names of Members to serve on the Council may be suggested by 
the Council or by any Member by sending the proposed names to the 
General Secretary at least two weeks before the Annual General Meeting. 

24a. Nominations of representatives of the Sections, the Branches and 
the Committee for Research in Education shall be sent to the General Secretary 
at least two weeks before the Annual General Meeting. 

25. Nominations for the election of Officers shall be handed in to the 
General Secretary before the Meeting preceding the Annual General 
. Meeting and be announced at the Meeting preceding the Annual General 


Meeting. 
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26. One full week before the Annual General Meeting, the General 
Secretary shall send to each Member a balloting list containing: (1) The, 
names of the Council; (2) The number of the attendance of members of 
the Council at the Council Meetings held during the year; (3) The names 
of those proposed by the Council and Committees or d Ordinary Members 
to fill the vacancies. 

27. The Society may fill all the vacancies among the officers that 
may occur between two Annual General Meetings by ballot, in accord- 
ance with Rule 15, at the next General Meeting, due notice having been 
given. Similar vacancies among the Ordinary Members of xi Council 
shall be filled by co-option by the Council. 

28. In the absence of an ex-officio Chairman (in accordance with the 
conditions laid down in Rule 42) the Council shall elect one of its Members 
to act as Cháirman of Council. A quorum at a Council Meeting shall 
consist of five. If there be no quorum, the Members attending shall have 
power to transact business, subject to the approval of absent Members, 
to whom the resolutions adopted shall be forwarded. 

29. The first Meeting of each Special Section shall be convened by 
the General Secretary of the Society. At this Meeting the Section shall 
appoint its Chairman, Secretary and Sectional Committee. 

30. The Chairman and Secretary of a Section shall retire annually 
but shall be eligible for re-election. 

31. The size of a Sectional Committee shall be determined by the 
Section. A quorum at a Meeting of a Sectional Committee shall be as 
that Committee shall decide. 

32. When Sections have been formed, Rules 12, 13, 14, 15, 21, 24, 
,25, 26, 27, 28, 40, 41, 42, 43, 44 shall (mutatis mutandis and unless ex- 
pressly stated to the contrary) apply respectively to the Committees, 
Chairmen and Secretaries appointed by these Sections. 

33. The Society shall not make any dividend gift, division or bonus 
in money unto or between any of its Members. 


SUBSCRIPTIONS AND FINANCE. 


34. Each Ordinary Member shall pay an annual subscription of one 
guinea, which shall entitle him to receive a copy of The British Journal 
of Psychology, with the exception of such additional portions of the 
Journal as are devoted to special branches or aspects of Psychology and 
are published separately. 
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35. Ordinary Members who are members of all Sections shall pay 
an inclusive annual subscription of £3. 2s. 


"36. In addition to the Ordinary Membership Subscription Members 
shall pay an additional fee for every Section which they join. This 
additional fee shall entitle Members of any Section to receive such 
additional and separately published portions of The British Journal of 
Psychology as may be devoted to the special branch or aspect of Psy- 
chology studied by the Section. The amount of such additional fee shall: 
be fixed by the Committee of the Section concerned in consultation with 
the Treasurer, and any resolution passed by the Sectional Committee 
with reference to such fee shall, before coming into force, receive the 
approval of the Council. 

37. Sectional Associates shall pay a subscription the amount of 
which shall be determined by the Sectional’ Committee in consultation 
with the Treasurer of the Society. 

38. The subscription is payable in advance and becomes due on 
January Ist. The British Journal of Psychology shall be sent only to ` 
Members whose subscriptions have been duly paid. 

39. The Council shall grant to each Section permission to incur such 
expenses as may be necessary for the work of the Section; the approxi- 


| mate amount of such expenses to be determined by the Council. 


MEETINGS. 


40, The Annual General Meeting shall be held in December, when the 
General Secretary’s Report and the Treasurer’s Statement of Accounts 
shall be laid before the Society. 


41. The General Meetings of the Society shall be at such times and 
places as the Council shall decide, but in each year there shall be at least 
four meetings. 

42. The President, or, failing him, a Vice-President, shall, whenever 
possible, act as Chairman at the Meetings of the Council and of the 
Society. In the absence of the President or a Vice-President, some other 
Member shall, on the motion of the General Secretary or his substitute, 
be elected to act as Chairman. 


43. The Secretary shall send to all Members of the Society notices 
of each Meeting at least seven days beforehand, and of the business to 
be transacted at the Meeting. 
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44, An Extraordinary General Meeting may be summoned at any 
time by the Council, or by the General Secretary on the written request 
of twenty Members; at least fourteen days’ notice of such Meeting shall 
be sent to each Member of the Society. 


VISITORS. 


45. Each Member shall have the privilege of introducing two visitors 
at any Meeting. The Council or a Sectional Committee shall however 
have the power of closing any Meeting or Meetings to visitors, provided 
notice to this effect be given on the notice convening such Meeting or 
Meetings. The names of visitors together with the names of Members 
introducing them shall be entered in a book provided for that purpose. 
Any Member of the Society attending a Meeting of a Section to which 
he does not belong must be introduced by a Member of that Section. 


BRANCHES. 


46. The Council shall be empowered to sanction and dissolve the 
establishment of Branches of the Society throughout the British Empire.’ 
Members of such Branches shall pay the same subscription as that of 
Ordinary Members direct to the Treasurer of the Society and be entitled 
to the same rights and subject to the same rules as Ordinary Members. 
The Council shall be empowered to refund to the Treasurer of any Branch 
such proportion of Branch Members’ subscriptions as the Council may 
determine to meet local expenses. 

46 а. Any Rules made by Branches of the Society shall be first sub- 
mitted to the Council for their approval. 

46 b. The minimum number of Members necessary to form a Branch 
shall be 10. | 

46 c. Branches shall be required to present a report to each Annual 
General Meeting. 


RULES. 


47. The Rules of the Society may be altered at the Annual General 
Meeting, after notice of alteration has been given at a previous Ordinary 
General Meeting, or they may be altered at an Extraordinary General 
Meeting summoned for that purpose. Such Extraordinary General 
Meeting shall be held in London, and the purpose for which it is called 
shall be expressly stated in the notice convening the Meeting. No other 
business shall be transacted thereat. 





COMMITTEE FOR RESEARCH IN EDUCATION. 


This Committee has completed ite annual enquiry as to psychological 
research upon problems having an educational bearing. The following is 
a summary ofthe replies received. 


RESEARCH PLANNED OR IN PROGRESS, DECEMBER, 1932. 


BINGLEY. Tus TRAINING COLLEGE. 
The Education of Physically Defective Children. 


UNIVERSITY OF BIRMINGHAM. DEPARTMENT OF EDUCATION. 


1. Ап Investigation into Methods of Training Teachers in some European Countries. 
2. Tests of Higher Mental Processes. ` 
3. Studies in the Psychology of Early Childhood. 
4. An Enquiry into Tests of Specific Abilities needed for Secondary School Work. 
5. An Experimental Inquiry into the suitability of the Otis Group Tests of Intelli- 
gence for use with Matriculated Studente. 
6. Preferences of Children and Adults in Poetry and Prose Literature. 
7. Problems of Colonial Education. 
8. Correlation between performance in English Composition and Intelligence Testa. 
9. Errors m English Composition as revealed in Essays written by Higher School 
` Certificate Candidates and University Post-Graduate Students. 
10. Sex differences in Early Childhood in Spatial Observation and Vigual Imagery. 
11. Formal Training: an Historical and Critical Review with a re-examination in the 
light of Modern Psychology. 
12. The motives of English State Education, considered in relation to the Problem 
of Educational Equality. 
13. The Psychology of Public Appeal. 


COLOHESTER. ROYAL EASTERN COUNTIES INSTITUTION. 
Identification of Causes of Mental Deficiency. 
CREWE. CAESHIRE COUNTY TRAINING COLLEGE. 


1. Value of Training. 
2. Difficulties in the Work of Young Teachers. 


DURHAM. NEYLL’ 8 Cross COLLEGE. 

. Wishes of Adolescent Girls with regard to their Future. 
EDINBURGH. Sr Gzonazm's TRAINING COLLEGE. 

Rhythmio Ability. 
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UNIVERSITY OF EDINBURGH. DzPARTMENT OF ÉDUOATION. 


l. Binet Tests in two Indian Languages. 

A Group Intelligence Test for Natives of Africa. - 

3. An Oral Group Intelligence Test for a wide age range, for English-speaking 
Children. 

4. Continued work on the Moray House Group Testa of Intelligence, of attainment 

' in Arithmetio, and of attainment in English, for eleven year olds. 

5. Statistical Inquiries arising out of the Scottish Mental Survey of Children born 
in 1921, mainly questions of Selection and Sampling. 

6. Statistical Methods of handling Examination Marks. 


to 


HULL. MUNIOPAL TRAINING COLLEGE. 


1, Mental Testing of Students—Individual and Group. Comparison of Results with 
the Students’ College Record and final Examination Results. 

„2. Investigation in “Racial Consciousness in Children." 

3. Individual Child Study of Normal Children. Special attention to Factors of Home 
and Social Environment. All studies based on personal observation of children. 

4, Selective Studies of Backward Children. 

5. Comparative Studies of Groups of Children, graded for special ability, including 
English, Jewish and ‘Black’ Children. 

6. Investigation in Children’s Humour and Children’s Ideals. 


| HULL. Tas TRAINING COLLEGE, BEVERLEY ROAD. 
Investigation of Visual Imagery and its place in Children’s Learning (continuation). 
Colour Preference in Children.aet. 9—10. 
3. Testing of such Specifio Abihties as lie within the range of Standardized Sets of 
Intelligence Tests. 
4. Vocabulary of School Children aet. 5-6. 
Changea during School Life of Children's attitude to Delineation, Colour and Form. 
6. Place of Formal Teaching of Music in the development of Musical Appreciation 
in Elementary School Children aet. 12-14. 
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UNIVERSITY OF LEEDS. DEPARTMENT OF EDUOATION. 
1. The Distribution of Intelligence, as measured by Non-Verbal Testa, in different 
Schools. : 
‚ The Reliability of Entrance Examinations to Secondary Schools. 
An Experimental Study of Retentivity. 
The Intelligence of School Children of some of the Castes of Travancore. 
A Comparative Study of Physically Defective Children of Various Types. 
Psychological Tests in relation to achievement in Geography. 
The Conceptual Development of Adolescents. 
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LEEDS, Yomnxsnurz TRAINING COLLEGE or HOUSEORAFT. 
Investigation into the Origin and Nature of the speoial abilities involved in Crafta- 
manship with special reference to Housecrafts. 
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UNIVERSITY OF LONDON. BEDFORD COLLEGES FOR WOMEN. 
Emotional Development in Young Ohildren ок: 
Eyedness and Handedness (continuation). 
Part Played by Imagery in Learning (continuation). 
Occupational Analysis: Nursing (in co-operation with the National Institute of 
Psychology) (continuation). ; 


LONDON. East Lonpox CHED Gumanox Окас. 


- Temperamental Difficulties in relation to Behaviour Disorders (to appear shortly 


in the Brit. J. Educ. Psychol.). 
Manifestations of Delinquency in relation to Position in Family. 
Spontaneous Drawings of Nervous Children in the Play Room. 


UNIVERSITY OF LONDON. GorpsurrE's COLLEGE. 


Scientific interests of the Junior School Boy. 
The Development of Humour in Nursery School Children. 


. Social Faotors influencing the Educational Progress of Primary School Children. 


UNIVERSITY OF LONDON. Instrrvrs OF EDUCATION. 
The Testing of Children's Aptitudes for certain School Subjects. 


. The Fundamental Concepts of (a) Mathematics, (b) Science, (c) History; Tests to 


Estimate the Child's grasp of such Concepts; Variations with Age. 


. The Scientific Interests of Non-Science Pupils of School Leaving Age. 
. The Effect of Weekly Tests of Literary Appreciation on the Pupil’s Ability in 


Composition. 

The Effect of Speech Training on Oral and Written Expression in the Mother 
Tongue. 

The Relative Influence of Home and School on the Literary Taste of Children. 
The Relative Influence of Home and School on the Development of Character. 
An Enquiry into the Geometrical Concepts of Young Children. 

The Correlation of Abilities in Elementary Mathematics. 


. A Comparison of the Metrical and Non-Metrical approach to the Teaching of 


Geometry. 


. The History of Experimental Pedagogy in England during the pat 50 years. 
. A Critical Analysis of Investigations into the Teaching of English in England and 


America. 


. A Statistical Analysis of Entrance Examination Marks (Scholastic and General 


Intelligence) and the Subsequent Progress of Pupils in certain Secondary Schools. 


. The Transfer of Training from the Inouleation of ‘Scientific Method’ in the 


Science Lesson. 


. Prognostic Tests of Teaching Ability for Students entering a Training College. 
. The Effect of Self-Criticizm on the Pupil’s Appreciation of Art. ' 


UNIVERSITY OF LONDON. King’s COLLEGE. 


. The Automatisation of Voluntary Movement. 
'2. The Perception of Tachistoscopically Exposed Symbols. 


The Influence of Time Intervals on Recall. 


. The Influence of Volition on Retentivity. , 
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. Mental Factors in Aesthetic Creation and Appreciation. 
. Blood Distribution in Conative and Other States. 
. Visual Organization and Recall. 


. The Frustration of Will-acts and Conation. 


. The Psychology of Evidence. Comparison of Testimony in Normal and Delinquent 
Youths. 


5 
6 
7 
8. The Influence of Volition upon Thinking. 
9 
0 


11. Perseverance and Perseveration. 

12. Friendship-Love in Adolescence. 

13. Volitional Attitudes. 

14. The Influence of Affection and Will on Ergographic Performance. 


LONDON. NATIONAL INSTITUTA OF INDUSTRIAL PsyoHoLoey. 


1. Research in Connection with Vocational Guidance. 


Experiments on Guidance for Boys in Borstal Institutions. 

Experiments on Guidance in Schools at Willesden. 

Experiments on Guidance in Schools in Fife. 

Experimenta, in collaboration with the Birmingham Жазганын Committee, on 
Vocational Guidance, with particular reference to the Engineering Trades. Two 
reports have recently been published by the Birmingham Education Committee: 
The Value of Vocational Tests as aids to the Choice of Employment and the Selection 
of Skilled Apprentices for the Engineering Trades. 


Research on Methods of Assessing Character and Temperament Traits. 


2. 


3. 


Eu 


Analyses of the Qualities and Abilities required in Nursing, in Teaching (Women), 
and in Secretarial Work (Women). 

The Nature and Measurement of the Mental Abilities involved in Faotory 
Assembly Work. An account of this research will be published in 1933, probably 
in book form, under the title of Manual Assembly. 

The Influence of Rhythm on Occupational Motor Activities. 

Tests for Motor Drivers. 

Teste for the Ability to distinguish between Slightly Different Shades of Colour. 
A report on this work will soon be published, probably in book form, under the 
title of The Measurement of Colour Discrimination. 

A Comparison of the Histories, eto., of Groups of Employed and Unemployed 
Lads. An account of this work has recently been published by Allen and Unwin 
under the title of Occupational Misfits. 


LONDON. St Mary’s COLLEGE, STRAWBERRY HILL. 


The After School Careers of Boys who have been Prefeota in Elementary Schools. 
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UNIVERSITY OF LONDON. UsxrvgEsrry COLLEGE. 
Affective Influences in Intellectual Output. 
Individual Tests of Oscillation. 
A Study of Oscillation. 
The Rôle of Specifloality in Tests of Oscillation. 
Fluctuations in Short Bursts of Work. 
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6. Comparative Value of Certain Verbal and Perceptual Tests and their relation to 
tests of Practical Ability. 
7. Individual Differences in Reproduction of Completed and Unocompleted Test- 
items. 
8. Transfer of Training and Linguistio Ability. . 
9. Linguistic Development in Young Children. 
10. The Problem of a ‘Spatial’ Factor. 
ll. Relation between ‘Form’ and Speoificality in ‘Reference’ g-testa. 
12. The Significance of O-factor and P-factor as measurements of Introversion- 
Extraversion (part of a larger study on the Nature of O-faotor and P-factor). 


MANCHESTER. THE UNIVERSITY. 


Experimental Investigation of Criteria of Effective Speaking. 

. Art-forms of Speech. 

An Attempt to bring about Artificial Synaesthesia. 

The Factors involved in Auditory Localization. 

The Nature of ‘Shyness’ and ite relation to other Mental Traite, e.g. Left-handed- 
ness and Speech Defects. 

6. An Experimental Inquiry into Colour Discrimination. 

7. The Relationship between Intelligence Tests, Performance Tests, Manual Dex- 
terity Tests and Mechanical Ability Testa. 


BUR рм 


UNIVERSITY OF MANCHESTER. DEPARTMENT OF EDUOATION. 
1. An Inveatigation into the Relationship between Backwardness in Speech and 
Mental Retardation. ў 
2. Experimenta оп the Usefulness of Partial Hearing, especially in Relation to the 
Development of Speech and Language in partially Deaf Children. 
3. Methods of Measuring Auditory Acuity, the Occurrence of Auditory Fatigue, and 
Problems in Connection with Hearing Aids. 


NEWCASTLE-UPON-TYNE. ARMSTRONG COLLEGE. 


1. An Enquiry into the Memorization Values of Various Methods of Teaching 
Geography. 

2. The Effect of Subconscious Association in Intelligence Testing. 

3. The Diagnostic Value of Tests of Perseveration among School Children. 


NOTTINGHAM. Untvursrry COLLEGE. 


Development of Language in Young Children. 
2. A Survey of Adult Education of the County. 
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, READING. Tus UnrvEBsSITY. 
Relation between Arithmetical and Geometrical Ability. 


UNIVERSITY OF READING. EDUCATION DEPARTMENT. 
The Teaching of Divinity in Senior, Central and Secondary Schools. 
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UNIVERSITY OF SHEFFIELD. DEPARTMENT OF ÉDUOATION. 


Analysis of the Learning Curve. 

The Development of Moral Values among Senior School Children. 

Mental Ability and Correlation Coefficients. 

Children’s Vocabularies. 

The Effects of Alternative Modes of Presenting Geographical Informatiori. * 
Mechanics Institutes and their contribution to Scientific Education in England. - 


UNIVERSITY COLLEGE OF SOUTH WALES. CAEDIFF. 


Continuation of Investigation into the use of Intelligence Teste in Secondary ` 


School Admission Examinations. . 
The use of Performance Testa in the Investigation of Problems of Bilingualism. 
The Psychology of Artistic Creation with particular reference to Literature. 
Literary Appreciation. 


` 
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ON CONCEPTUAL THINKING. 
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I. 


Bv À. W. WOLTERS. 


(From the Psychological Department, University of Reading.) 
. Concepts are not mental entities (pp. 133-4). 


How do we think? (pp. 134-5). 

The problem of universals (pp. 135-6). 
Universals as schemata (pp. 136-8). 
Abstract thinking (pp. 138-9). 

Schemata as objects of reaction (pp. 139-42). 
Problems for discussion (pp. 142-3). 


CONCEPTS ARE NOT MENTAL ENTITIES. 


Tux substance of this paper was presented for discussion on several 
occasions, and I have endeavoured to profit by the criticism to which it 
was subjected. My chief debt, however, is to Prof. Bartlett, whose 
recently published book, Remembering, has done much to strengthen my 


convictions and to clarify my views. It would be improper to claim his : 


support for the conclusions stated below, but the success with which he 
has applied a similar method in an allied sphere encourages the hope that 
the psychology of thinking may be advanced along these lines. 

`, The term concept and its derivatives are here used in the traditional 
sense, without precise definition. We assume that the many thinkers who 
have discussed the concept have had in view the sgme topic, however 
differently they have defined it. To select or formulate a precise definition 
at this stage would be likely to beg the question, and would also run 
counter to the hypothesis which is to be put forward. But the heart of 
the problem which has vexed philosophers and psychologists alike is the < 
fact that we are able to think in a manner termed universal or general. It 
is not necessary here to do more than refer to the classical discussions of 


this problem, and to the long series of experimental researches which have 


been directed to it; and to venture the statement that the psychological 


i treatment has been hampered by the logical preconceptions from which it КЕЛ 
| started, and by the tacit assumption that it must run parallel to logical A 


. } At meetings of the British Psychological Society and of the Cambridge Psychological 
Society, in March 1932 and February 1933 respectively. 
J. of Payoh. xxiv. 2 9 
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theory. We have been left with one clear truth and several prejudices. 
The truth is, that in some sense of the term we do think universally. The 
prejudices are, that concepts exist as mental entities, that they can be 
present to consciousness, and that all that is required is to describe them 
and to trace their genesis. The laborious efforts to lay bare the pheno- 
menology of the thought-process have brought to light material of great 
interest, but it may be questioned whether they have done much to 
elucidate the nature of thinking as an active process. In particular it 
must be questioned whether the imageless, or pure, thought-process 
helps greatly to a solution of the difficulty. Some writers have maintained 
that the introspectible presence of images yields no evidence as to their 
function. The same is surely true of more modern substitutes for images. 
In any case, they are inevitably dated mental events, and as such 
particular, and they cannot of themselves suffice to explain the generality 
of the thinking in which they function. Further, the only justification for 
calling them concepts seems to have been that nothing else could be 
found to wear that label. Or perhaps the argument that the particularity 
of any representational image disqualified it from being a general 
concept, led to the acceptance of the corollary that a process which was 
like nothing at all-must be general. 


t 


П. How DO WE THINK? 


The problem may be more manageable if we are content to put aside 
phenomenology for the moment and consider how we think rather than 
what we think. To start from the obvious, thinking is a reaction to 8 set of 
circumstances which demand a response by the organism, though the 
response need not issue in muscular activity. We thus bring it under the 
more general heading of behaviour (since we need not submit to the 
appropriation of this useful and common word by any particular school). 
Then it seems reasonable to consider how far thinking presents features 
common to other forms of behaviour, before we draw the conventional 
distinction between practical and theoretical activities. There are im- 
portant differences between sawing wood and calculating, but so there are 
between sawing and rowing. We do not regard the latter pair of activities 
as so unlike that we cannot treat them under a common head, and there 
seems no reason why we should at the outset separate the members of the 
other pair. Every effective activity is determined by the nature of the 
problem exciting it, and by the materials available for the solution. It 
does not follow that each must be considered psychologically unique. The 
point that needs to be stressed here is that thinking is conative, a prin- 
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ciple to which we pay a ready lip-service while neglecting its implications. 
Let us then say that thinking is a mode of behaving, and allow the specific 
differences to come into view later. 


III. THE PROBLEMS OF UNIVERSALS. 


Tf this is accepted we find the problem of universals confronting us in 
animal behaviour as certainly as in human. А dog recognizes any dog as 
a dog and any cat as a cat, as is clear from the appropriate direction of ' 
activities towards members of the two species. It is difficult to suppose 
that the animal himself has before his mind at any stage such a psycho- 
logical entity as a concept of ‘dog.’ And in this case we humans seem to 
be no better off, for it would puzzle any one of us to say what we mean by 
the word dog, except by pointing to animals which we know to be so 
called. The Concise Oxford Dictionary is content to define a ‘dog’ as a 
“ quadruped of many breeds wild and domesticated.” On introspection I 
can find nothing in consciousness except the word, and a sense that I 
know something of dogs and can deal with them, but it is impossible to 
state what it is that I know. Yet both the dog and myself are dealing 
with universals. The dilemma now seems to be that either the concept of 
dog must be denied to ourselves, or we must allow it to the animal. One 
statement must cover the two cases. But if we accept the latter alter- 
native, the concept cannot be a psychological entity before consciousness. 

The universal is found in the behaviour of the creature. This rests 
upon a tendency which is awakened in certain circumstances. But any 
cat will excite it; all cats are equivalent in this respect..There is а readi- 
ness, or preparation, for activity, and it is general in the sense that it is 
available for a number of situations not completely identical. The animal 
universalizes in consequence of the flexibility of its prepared behaviour, 
and the preparation is a character of the organism. Where we find this 
incompletely specialized readiness it is perhaps permissible to call the 
resulting behaviour ‘conceptual,’ in the case of animals as much as of 
human beings. The name is less important than the recognition that 
there is a mode of reaction common to men and animals which must be 
accepted as general in character, but which does not involve the recall to 
consciousness of any content. It is something just short of habit. In- 
deed, the term habit is often applied to reactions of this kind, but, I think, 
improperly. This is a word which is employed with inconvenient loose- 
ness. It has been applied to such activities as that of Convoluta, which 
emerges from and retreats to its burrow in almost perfect agreement with 
the tidal rhythm for some days after it has been withdrawn from the 
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tide's influence; and also to what are called “business habits. In the 
former сазе there is exact repetition of the activity both in general con- 
figuration and in detail, while in the latter the pattern is imperfectly 
repeated and the details may be new each day. Yet there is something 
constant in the business man’s routine. The most profitable line of ap- 
proach appears to be offered by Prof. Bartlett’s conception of schemata. 


IV. UNIVERSALS AS SOHEMATA. 


In habit proper the organism is prepared to deal with one set of 
circumstances whenever they recur, its parallel being the rigidly de- 
termined instinctive reactions of the simpler organisms. But the dog 
displays a readiness (a) to deal with different but equivalent situations, as 
when the cat or fox is changed, and (b) to vary the details of the activity 
to meet variations in circumstances, for no two hunts will be the same. 
In respect to fixity of response there is something leas than habit, but in 
respect to efficiency something more. The theoretical importance of these 
familiar facts is that they point to the need of inserting between trial- 
and-error behaviour and habit a mode of preparation for reaction different 
from both. One is tempted to explain the facts by saying that a frus- 
trated habitual activity is helped on by trial and error, but though this 
undoubtedly occurs at times, and may possibly account in some measure 
for the development of the generalized tendencies under discussion, it 
cannot be accepted as a complete explanation in view of the prompt and 
immediate character of the variant reaction.in many instances. A 
specialized tendency would lead to fumbling whenever the situation 
changed, but these can be very sure as well as flexible. Their distinction 
from the tendencies which issue in habitual actions is that they are 
schematic (though not indefinite). At the level of behaviour on which the 
discussion is now moving, it appears to be schemata of reaction tendencies 
which provide the universal moment, by permitting differing objects to 
be treated as equivalent modes of satisfying the organism’s needs. The 
schemata can only be deduced from the actual behaviour, but probably 
we should conceive them as existing continuously, as characters of the 
organism, but not as entities which the organism ‘possesses.’ 

Let us now consider more highly developed human activities. I arrive 
at night at a station in an unfamiliar town, and finding that it is raining, 
take a taxi to the address which has been given me. All the physical 
setting of my actions is new, so that no fixed routine is available. Yet I 
am prepared to cope with the situation, and carry out the necessary 
actions with a minimum of hesitation and inconvenience, while thinking 
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more of the buginess which has brought me there than of the new en- 
vironment. I enter one particular cab, but it was not a particular one 
which I sought. Any one would serve. All were equivalent in relation to 
my need. If a suitable bus arrives, I enter that instead, and thereby treat 
that as equivalent to а taxi. All that concerns me is the function of the 
objecta, and this function in turn depends more on my purpose than upon 
the vehicles. If it had been a sunny day none of them would have had a 
function in my universe. But behind the purpose stood a schematic 
preparation for action developed from past experiences. It is the com- 
bination of my purpose to reach my destination dry with the schema, 
which leads to the identification of vehicles of widely different forms, and 
through that combination I universalize. 

This behaviour is quite unreflective. Except the conscious intention 
to avoid the rain and reach my destination, there is nothing “before the 
mind.’ It is only the dependence upon an elaborate previous experience 
which distinguishes it psychologically from the dog's hunting. Neverthe- 
less, it, apparently implies what would be termed by the logician con- 
cepts. But if concepts can be recognized at all in such activities they can 
only be found £n the pattern of the behaviour, and the most distinctive 
feature of that was the readiness to set about it, it being in other respects 
like an entirely new and unique action (if there can be such). Conse- 
quently, if we are to admit the term ‘concept’ at this stage.it must be 
applied to that flexible organization of reaction tendencies which pro- 
vides a schematic preparation for various activities directed to the 
satisfaction of a recurring need. This may be expressed more briefly in . 
popular terms by saying that the concept consists in ‘knowing what to do 
about it. More precisely, at this level a concept is a skill. It need not be 
represented in consciousness, a8 when in playing chess we move the 
pieces in the legitimate manner without thinking of the rules. 

We may now test this conception on reactions of a higher kind. When 
I recognize an object as a tree a rudimentary conation is involved, since 
the recognition implies a latent readiness to react appropriately to it, 
mentally or physically. The primary reason why both ash and elm are 
regarded as trees is that the same reactions will serve for each, and they 
only become differentiated when specific needs arise. At the moment no 
overt reaction may be needed, but the object is safely placed and sub- 
jected to the schema. I find a flower which is new to me and examine it 
until I realize that it is a crane’s bill. It appears from introspection that 
no recalled material, imaginal or otherwise, is necessary in such 8 process. 
The process was conational and directed, and depended on a concept of 
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the genus and also on that of natural orders in general, but these concepts 
need not be represented in consciousness until the actual moment of 
decision, though the action was clearly prepared in part. I may be 
described as knowing how to identify the plant, but, during the process, 
that knowing is of the same order as when one knows how to play the 
violin. The organized tendencies determine the reaction without ob- 
truding themselves as momenta in it. The concept directs activity without 
being an object of thought, and its value lies in that function. But we 
must turn now to examples which come nearer to abstract thinling. 


V. ABSTRACT THINKING. 


No process deserves the name of thinking unless it is directed to a 
problem, to a situation demanding reaction when no reaction is fully 
prepared. We seldom think earnestly because most situations can be met 
by preformed tendencies; we constantly think a little because most 
situations contain a novel element. The hypothesis here advanced is that 
the notion of schematic preparation can be usefully applied in explana- 
tion of general or universal thinking. The essential psychological 
character of a concept consists in being ready to deal with this or that. 
We may take for example one of the most abstract and general modes of 
thinking, that which involves numbers. The reader is invited to attempt 
to answer in turn the following questions, and to observe the process of 
solution: 

How many chairs are there in the room? 
What is the sum of five and twelve? 
Can there be an infinite number? 
"What is number? 


We can all answer the first and second questions, and children would 
be no less efficient. We can all provide an answer to the third, though our 
replies may differ. But the fourth will leave most of us dumb. Nothing 
seems to rise to consciousness that can be gripped. Yet it must be 
illogical to answer the other questions while ignorant of the answer to 
this. Must we admit that we have no concept of number? That is absurd, 
gince we displayed such efficiency in regard to the other tasks. And how 
could we contemplate the present difficulty unless we could think of 
number as such? The solution of these problems is that psychologically 
the concept of number consists in being able to think numerically, as when 
we count or add. If we can do so much competently, we possess an 
adequate concept of number, however little we may be able to say about 
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it. In its most immediate and most important sense, the number two is a 
dodge for treating this object and that conveniently. It is a mode of 
thinking (and thinking i is behaving) but not something thought about. 
It is, however, genuinely universal. It is not in its primary character 
an object of thought, but an instrument of thinking. To borrow Bartlett’s 
happy phrase, it is not that which we react to, but that by means of 
which we react. It is a schematic readiness to think numerically. It fails 
when we come to the fourth question because that does not present a 
situation of the type to which this schema is directed, but one in which 
skill in numbering is of no avail. The problem set relates to our behaviour 
when numbering and not to things to be numbered, and is therefore 
psychological rather than mathematical. Thus we have come to envisage 
a hierarchy of activities, for we are now thinking of how we think when 
thinking numerically. An activity and its organized determinants have 
become the object of another activity which demands the organization 
of a new system of reactive tendencies. That by means of which we react 
has become that to which we react, and the two levels of reaction are 
functionally distinct. Absence of a schema at the higher level, or in- 
ability to form one, is no evidence of the inadequacy of the lower level 
one, for the concept active in thinking is never the concept thought of. 
Whatever their logical relations may be they must be considered as | 
psychologically distinct. 

It may be noted in passing that many problems are of a double kind, 
since the need for communieation is added to the need of solving the 
question posed, and brings into play another system of schemata. The 
intimacy of the connection between language and thinking tends to 
obscure the distinction between the two reactions, but really two levels 
must be accepted. The reaction of solution becomes part of the situation 
to be dealt with by the speech reaction. This, it must be admitted, is а 
very theoretical distinotion, but it is worth while to draw it, and to 
conclude therefrom that inability to make the solution clear to an 
audience does not prove that the speaker had not attained a solution. 


VI. SOHEMATA AS OBJECTS OF REACTION. 


We have been led to distinguish sharply the performance of an 
activity from the subsequent questions as to what we have been doing 
and how we did it. In another field Prof. Bartlett has said that the 
organism ‘turns round upon its schemata.’ This is not a perfect descrip- 
tion, though it is difficult to find a better one. Undoubtedly something of 
this kind occurs. We must be on our guard against taking the schemata aa 
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entities and setting them over against the organism which has them, as 
things distinct from it. Ав already stated, they are modifications of the 
organism. Now we can emend the description and say that the organism 
turns round upon, or reacts to, itself as schematized. Then we can con- 
struct a series of instances of organisms reacting to themselves, from the 
kitten pursuing its tail, through the valetudinarian revising his diet, to 
Socrates examining his concept of justice. In an important sense this 
series is continuous, and from some points of view it is advantageous to 
regard it as such, for we thereby avoid the mistake of treating thinking as 
something unique and very mysterious. Nevertheless, reflection upon 
the manner of one’s behaving appears to be an exclusively human 
activity, and thence arises the problem as to how the schemata are made 
available and manageable as objects of reaction. Here phenomenological 
studies come into their own, and the wealth of data already accumulated 
take on a new significance. It may be that the imageless thought is of 
peculiar importance in this process, though I confess that I am still un- 
satisfied that imagery has no function of importance, or that Wissen 
always have a significant content. To my introspection they often appear 
reducible to an awareness, or confidence, that I can deal with the situa- 
tion, a confidence which frequently proves to have been ill-founded. The 
nature of the psychological material is, however, a subordinate question 
(though one of great importance and interest). The psychological laws of 
thinking are not to be deduced from the material which it employs. 
Further, to revert to the original problem, universality cannot be a 
content, but only a function of a content. No process can be psycho- 
logically universal in itself; perhaps any process may be universal in its 
function. That is only to say that it can be employed in the solution of 
a number of, problems, as the schema controlling it can meet varying 
situations. Any effective schema must be sufficiently fluid to permit 
variation, since mere repetition is seldom adequate (even in such a 
routine activity as shaving), and from this we may conclude that the 
distinction between the universal and the individual has no great 
psychological interest. Restricting the term conceptual thinking to 
reactions by means of concepts, no matter what the object to which.the 
reaction is directed, we may say that the difference between habitual and 
conceptual activities is one of degree of flexibility. 

In the more abstract reaches of thought, where we think about 
concepts (that is, react to schemata) the problem is renewed without 
changing its character. The situation is different, the materials in which it 
presents itself, and those by means of which it is brought under control, 
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are different, butthe psychological outline remains the same. The process 
often proceeds by blunderifg trial-and-error efforts which are largely 
experimental in character. Our memory of efforts to solve geometrical 
riders will furnish ample illustrations of this. We carry on, as it were,a - 
guerilla warfare until we have mobilized and organized adequate re- 
sources. In nearly all cases some schemata are available, but not the one 
necessary for the solution, and those of service in the reaction are not 
those which constitute the situation to which we have to react. Nothing 
but confusion can result from ignoring the psychological distinction 
between the object of thought and the instruments by which we think. 
We must repeat that the object to which thought is directed is not a 
mental entity: it is a form of behaviour. The conscious processes by which 
that form is represented are, in their turn, instruments by which the 
organism seeks to make its schemata available for further organization. 
This complication of conative processes must be faced: we have no right 
to expect that abstract thinking can be explained simply. In its more 
creative moments it utilizes what means it has to forge a new instrument. 

Abstract discussions of goodness and beauty are not directed to the 
good and the beautiful, but to our behaviour in regard to objects to which 
же apply those epithets, and so occur in a sphere from which the qualities 
have been banished. It would be unbecoming to suggest that in like 
manner the truth is not to be found in philosophical theories of truth, 
but it must be maintained that the truth of an argument is not psycho- 
logically the truth that is its subject-matter. Cheap Socratic victories are 
easily won by ignoring this distinction of levels. Is there any evidence 
that Socrates’ victims were less competent to act justly than himself, 
though less practised than he in talking about their behaviour? He who 
can recognize truth and beauty when he meets their embodiments must 
be allowed to have formed the relevant concepts, the adequacy of which 
is indicated by the efficiency of his behaviour in circumstances such that 
they can operate, and not by his ability to review them in detachment. 

A particular instance of abstract thinking deserves notice. The 
paradoxical consequences of setting thought to examine itself have often 
been remarked. The character of thought, it is said, is taken for granted 
even when one seeks, by processes of thought, to elucidate it. But there 
appears to be little difficulty for the psychologist in this. His concern is 
with the organism thinking, and we are now familiar with the case of an 
organism reacting to itself. The process of developing a theory of thinking 
(and let us suppose for simplicity that the thinker is depending entitely 
upon his own processes for data) is reaction to the schemata by which he 
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tbinks when engaged with other problems. One test, of any theory of 
thinking is that it should be able to account for its own existence, and the 
hypothesis set forth in this paper can claim to meet it by using itself as an 
example. The process is still one of ‘turning round.’ The difficulties en- 
countered in making clear the nature of schemata (so far as they are not due 
to paucity of knowledge) are exactly what we should expect. A technique 
has yet to be developed for bringing the functions under conscious control 
of the organism, and for making them amenable to verbal description. 
When the reactions to this problem have been organized, a new schema 
will have been formed, which will be universal in the only sense that 
matters to us, for it will enable us to confront successfully those sub- 
ordinate problems which constitute varying situations, 


VII. PROBLEMS FOR DISCUSSION. 

Metaphysical or epistemological implications and difficulties are not 
our concern. It is sufficient for us to agree that the universe must be such 
as to admit of universalizing, though the high-handed manner in which 
we set about it suggests that a study of objective characters is not likely 
to be of great profit to psychology. However much the material en- 
vironment may assist it, the organism universalizes by its own activities. 
But although we are at liberty to avoid these difficulties it is not pre- 
tended that the development of thought-psychology along these lines 
will prove an easy undertaking. The detailed problems which have still to 
be met are concerned first of all with the nature of the schemata, the 
manner of their formation, and the laws of their activity. It may be 
found that other sciences, and especially logic, mathematics and grammar, 
have already done much of the work. There must also be considered the 
ready, unreflective, variation of behaviour to meet small changes in 
problem-situations. How can a schema be as fluid as it appears to be? 
Language appears to offer the readiest field for research on this matter. 
What differentiates the instances in which the organization is formed or 
is operative without any manifest conscious representation, from those in 
which insight is essential? The term ‘insight’ requires much more elucida- 
tion before it can be safely used by psychologists. And what is the 
nature of that curious moment of transition from uncertainty to con- 
viction, that mental click which marks the successful termination of 
intellectual effort? 

Against these difficulties can be set advantages other than the 
avoidance of controversies of doubtful relevance to psychology. The view 
I have advocated brings us back to the person thinking as the proper 
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topic of inquiry. By taking as the starting-point the fact that the thinker 
is engaged in mastering an obstruction, we are able to bring this activity 
into line with other instances of conation. For example, we may quote 
McDougall’s classic description of instinct: “We may, then, define an 
instinct as an...innate psychophysical disposition which determines its 
possessor to perceive, and to pay attention to, objects of a certain class, . . . 
and to act in regard to (them) in a particular manner." This is as good a 
description of schemata as can at present be obtained, and, apart from 
the word innate, it will serve for concepts. The distinction to be drawn is 
between innate and acquired skills, the members of each class being 
further differentiated by the degree to which each is determinate or 
capable of varied application. In all cases the core of the organization of 
reaction tendencies is teleological. So, having restored thought to its 
full psychological context, we are enabled to utilize a wider range of 
data. We need no longer depend exclusively upon the introspection of 
highly trained (and often artificially trained) subjects, since the less 
precisely formulated descriptions of activities that all men offer from 
time to time can be pressed into service, while along much of our path we 
can observe the spontaneous behaviour both of men and of animals. Nor ` 
need we abandon any part of what the science has previously won, if we 
hold that conceptual thinking essentially consists in bringing to bear upon 
a presented situation a preformed schema of reaction tendencies, and that, 
if the substantive term concept must be retained, it should be used to 
denote the schema, and not any one form of introspectible content. 
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I. INTRODUOTION. 


Waen behaviour is blocked because a desired end is not at once attain- 
able'a problem arises. The nature of the resulting difficulty depends upon 
the way in which the problem is considered, and hence the mode of over- 
coming the difficulty varies from case to case. The particular attempt at 
solution which is adopted may be called the direction (4) of solution, and 
most problems may be attacked in several directions. It is necessary to 
have a correct or workable direction if a problem is to be solved. When 
there are several difficulties, each of which can be successfully overcome, 
the problem will have several solutions (5). The solution of a problem in 
each case is а pattern consisting of parts of past experience which have 
become integrated. These parts of past experience need never have been 
previously associated. A solution-pattern may be a spontaneous com- 
bination of isolated experiences@). In such a case the problem is solved 
by reasoning or productive thinking. When the solution-pattern is made 
up of past experiences which have previously been associated, then the 
problem is solved by reproductive thinking. 
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I have previously demonstrated that the formation of а solution- 
pattern is greatly facilitated if the reasoner is given a correct or workable 
direction by the experimenter (4). Some problems are rarely solved by 
laboratory subjects because the correct direction for suoh problems is not 
found by them. A particular false or unsuccessful direction may be 
common to many subjects and may determine all the activity. Analysis 
indicates that such common directions may reasonably be called 
‘habitual directions.’ Thus if a hat-rack is to be built out of two poles and 
a clamp in the middle of a room; the ‘habitual direction’ prompts an 
attempt to build something with legs. In this case the ‘direction’ is 
unsuccessful and the habitual approach so much wasted energy. 

Good reasoners do not indefinitely pursue unsuccessful approaches to 
a problem. They jump from one direction to another in their attempts to 
° overcome first one difficulty and then another. Poor reasoners, on the 
other hand, continue in one direction and may attempt for hours to 
overcome the impossible. That the ability to reason is a general rather 
than a specific function has recently been demonstrated by Billings (1). 
He found that the ability to solve new problems in the various fields of 
knowledge was highly correlated, and that the ability satisfied the 
‘tetrad equation.’ The ability to solve problems in a specific field was 
found to have little to do with familiarity with that field, provided the 
data necessary for the solutions of the problems were known to the 
reasoners. 

Gottschaldt) found a difference in behaviour in a problematic situa- 
tion between normal and feeble-minded children similar to that between 
good and poor reasoners. The behaviour of normal children can be 
characterized as variable, that of the feeble-minded children as lacking 
flexibility. Thus in a task which consisted of piling up blocks as high as 
possible the normal children varied their attempted structures and so 
were likely to hit upon a successful method. The feeble-minded children, 
on the other hand, continually repeated (although with increasing skill) 
their first attempts and so continued to fail. 

In a study of reasoning in rata) I found a similar difference in the 
behaviour of normal and partially decorticated animals. The behaviour of 
normal rats is variable, adaptive, and free from control by previously 
formed habits. Rats with cortical injuries, though still able to learn 
mazes efficiently, completely lose their ability to reorganize their past 
experiences. Their behaviour becomes more and more stereotyped as the 
extent of the cortical loss increases. 
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II. THE PURPOSE OF THE PRESENT EXPERIMENT. 


. The purpose of the present experiment is to determine whether the 
habitual direction is a function which actually blocks the correct direc- 
tion, or whether it is merely а function which is present during the 
absence of more fruitful processes. If the first alternative is true, it 
follows that general suggestions which warn against the danger of con- 
tinuing on an unsuccessful approach should facilitate problem-solving 
ability. If the second alternative is true, such suggestions should be less 
effective. Only specific suggestions which influence the reasoner to take 
the correct direction would then be of much help. This would mean that 
general instructions are relatively useless, because each problem haa its 
own particular successful direction. The present experiment is thus an 
attempt to see whether the removal of habitual direction by general 
instructions will cause adult human beings to be more successful problem- 
solvers. 

ПІ. ExPERIMENT I. 


(1) Method. 


The 384 students in an introductory course in psychology were ' 
divided into two groups (1) an experimental group and (2) a control 
group. The same problems were presented to both groups. The experi- 
mental group, however, received a 20 min. lecture followed by general 
hints on how to reason (the hints were actually a summary of the lecture) 
before being presented with the problems. Otherwise the conditions for 
both groups were the same. 

The tests were made during the regular 3-hour У period. 
There were seven sueh periods. The experimental group was made up of 
the first three laboratory periods, the control group of the last four 
laboratory periods. Thus if students tested during the first periods of the 
week communicated the solutions to students who had not yet been 
tested the control group tended to be favoured. 

Individual work was required by all students. They were asked to 
guard their own work, to avoid seeing the work of others, and to refrain 
from saying anything to anyone about the work during the week. The 
students did not know the purpose of the experiment, but regarded it as 
one of the regular laboratory experiments. They could easily see that 
their introspective reports would be useless if the problems were familiar, 
and consequently co-operated in every respect. 
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(2) The lecture and hints. | 


Previous to the presentation of the problem the experimental group 
was given & lecture which covered the following pointe: 


(1) The solution of a problem, when it is the product of reasoning, consists of a 
pattern which is made up of parts of different past experiences. 

(2) The pattern forms suddenly as does the hidden face in a puzzle picture. 

(3) Meanings of elements depend on the pattern of which they are a part. The 
sudden formation of a pattern therefore results in sudden changes of meaning. 

(4) The solution-pattern overcomes a difficulty. 

(5) The difficulty is what one sees it to be. It is not in the problem. (Illustrations 
were given which show how the same problem can be solved in different ways, each 
solution being the conquering of a different difficulty.) 

(6) The particular difficulty one sees determines what one will do about it, $.e. 
what direction one will take (e.g. one doctor will seek a serum to immunize man to 
certain germs, another will seek a means for preventing the germ from travelling). 

(7) All difficulties cannot be overcome. Hence one must find a difficulty which can 
be overcome. : 

(8) Most people see the same difficulty. 

(9) The difficulties we see are often determined by our past contact with problems 
(e.g. other diseases have been conquered by the discovery of serums). Suoh difficulties 
are habitual difficulties and give rise to habitual directions. : 

(10) Habitual direotions do not solve difficult problems. Problems are difficult 
when a successful direction is not obvious. 


The hints on how to reason were as follows: 


(1) Locate a difficulty and try to overcome it. If you fail, get it completely out of 
your mind and seek an entirely different difficulty. 

(2) Do not be a creature of habit and stay in a rut. Keep your mind open for new 
meanings. i 

(3) The solution-pattern appears suddenly. You cannot force it. Keep your mind 
open for new combinations and do not waste time on unsuccessful attempts. 


(3) Test problems and procedure. 


Three problems varying in their degree of difficulty were presented to 
both groups. The material for solving the problems was piled on a table 
which the students were allowed to inspect. All solutions, however, were 
described on paper. When a solution to each problem had been found the 
student presented it to an instructor. The instructor either (1) accepted 
the, solution as correct, (2) rejected it as impractical, or (3) asked for a 
different solution. Each student continued his or her efforts until a 
solution to each problem was accepted or until thé end of the allotted 
time. ï 
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The three problems were presented at the beginning of the test period. 
The students were permitted to work at them in any order they desired. 
One hour of effort was permitted. 

Each of the problems was easily stated. The students were told that 
each problem had a good solution and that there were no ‘catch’ problems. 
They were told that the problems were difficult and required considerable 
thought, but that the information necessary for solving the problems was 
common knowledge. 

The problems used were: 


(1) The string problem. One string was fastened to the ceiling and waa of such 
length that it reached the top of a heavy stationary table. Another string was 
fastened to the wall about 6 ft. above the floor and was of such length that it reached 
to the floor. The problem was to tie the ends of the two strings together. This was 
difficult because when either string was held the other was out of reach. 

Simple solutions were demonstrated by the experimenter. These solutions are 
(1) hooking one string in with & pole; (2) increasing the length of one of the strings; 
and (3) tying one of the strings to a chair and placing the chair half-way between the 
cords in order to keep one string within reach while getting the other. These demonstra- 
tion solutions were not to be used even in a modified form by the subjects. 

The solution desired of the students was that of converting one of the strings into 8 
pendulum. 

(2) The hat-rack problem. Making use only of the material on the table, subjects 
were required to construct a hat-rack sturdy enough to support & heavy coat. It was 
to be built in an empty room of ordinary size. 

The only available materials which were useful were two poles (between 6 and 7 ft. 
in length) and a table clamp. 

The problem could be solved by clamping the two poles together and wedging 
them between the floor and the ceiling. The clamp could be used as & hook. (Cotton 
waste was present in case в student wished to protect the ceiling.) 

‘(3) The candle problem. Lighted candles were set on a table. These were to be put 
out from a fixed distance of 8 ft. 

Glass and rubber tubing ranging from 6 to 12 in. in length were asan: These 
could be fastened together to form a long tube. By fastening this tube to one of the 
above-mentioned poles with sturdy paper clamps tho flexibility of the tube could be 
overcome. The candle could then be blown out. 


All problems were to be solved with the use of the materials on the 
table. In addition to the already mentioned material the table contained 
such things as washers, bolts, pliers and chalk. 


(4) Results. 
The results of 178 students in the experimental group and 206 students 


in the control group are given in Table I. In the second and third 
problems the experimental group shows & decided superiority over the 
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control group. This does not mean that the superiority is dependent on 
certain problems, but merely shows that the first problem received the 
greatest amount of attention. Fewer of the control group had time 
enough to turn to the other problems. The sum óf the percentages of 
each of the three problems which were solved is therefore a more satis- 
factory score with which to make comparisons. The control group made a 
total score of 119-1 per cent., or solved 39-7 per cent. of the problems. The 
experimental group made a total score of 147-6 per cent., or solved 
49-2 per cent. of the problems. If we consider the groups to be equal at 
the start the above results indicate that the suggestions helped the 
experimental, group to make a score 24-1 per cent. higher than the 
control group. 


Table I. Scores made by experimental and control groups. 


Percentage which solved 
Number of —— — 
Group students Problem 1 Problem 2 Problem 3 Total 
Experimental 178 50-6 28-7 68.3 147-6 
Control 206 49-0 22-9: 478 119-1 


Table II. Scores made by men. 


Percentage which solved 
Number of mi 
Group students Problem 1 Problem 2 Problem 3 Total 
Experimental 89 68-5 41-6 77-67 187-7 
Control 114 61-4 35-9 57-0 154-3 


Table HI. Scores made by women. 


Percentage which solved 
Number of м 
Group students Problem 1 Problem 2 Problem 3 Total 
Experimental 89 . 826 15-7 59-0 107-3 
Control 92 33-7 5-4 36-4 75-5 


In Tables П and III the same data are treated separately for men and 
women. For both sexes the superiority of the experimental group is 
obvious. The control group of men made a total score of 154-3 per cent., 
the experimental group of men a score of 187-7 per cent. Thisis an increase 
of 21:5 per cent. The control group of women made a total score of 
75:5 per cent., the experimental group a score of 107-3 per cent. This is an 
increase of 42-1 per cent. Thus the women seemed to profit much more 
. from the suggestions than the men. These figures also show that the men 
in both groups were decidedly superior to the women in the corresponding 


groups. This sex difference may be real, it may mean that the superior ' 
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women avoid college, or it may mean that the problems were better suited 
to the men. 


Table IV. Scores made by superior and inferior reasoners. 


. Percentage which solved 
Number of 
Group ' students Problems 1 and 2 No problem 
Experimental 178 21:9 164 
Control 206 14-6 22-8 


In Table IV results are presented to show the relative effect of the 
suggestions on poor and good problem-solvers. The first two problems are 
obviously the more difficult ones. Individuals who solved both of these 
problems may be regarded therefore as superior reasoners. Those who 
solved none of the problems are inferior reasoners. The table shows that 
the control group contains 14-6 per cent. superior reasoners, whereas the 
experimental group contains 21-9 per cent. superior reasoners. The 
experimental group thus contains 50 per cent. more such individuals than 
the control group. On the other hand, the control group is made up of 
22-8 per cent. inferior reasoners and the experimental group 16-4 per 
cent. Thus the control group contains 39 per cent. more inferior reasoners 
than the experimental group. 

These figures strongly indicate that the general suggestions were 
decidedly beneficial to both poor and good reasoners. They do not explain 
why the women profited more from the suggestions than the men. Thus 
some factor other than the poorer score made by the women must 
account for the fact that they profited more from the suggestions than 

did the men. i 
IV. ExPEBIMENT П. 


(1) Procedure. 


"The results of Exp. I show a marked superiority of the experimental 
group over the control group. This superiority may be due to an original 
inequality of the groups. It therefore seemed desirable to vary the ex- 
periment in such а way as to measure one group of individuals in its 
ability to solve а control and an experimental problem. 

' Accordingly three problems were devised which could be easily 
solved by individual work. Only two of these problems were necessary 
for the experiment, the third was used in case one of the other problems 
was familiar to certain students. 

The time to be spent on the problems was divided into four 10- 
min. periods. Period 3 was a continuation of period 1, and period 4 of 
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period 2. The problem attempted during periods 1 and 3 was the control 
problem, the problem attempted during periods 2 and 4 was the experi- 
mental problem. Between periods 3 and 4 the lecture and suggestions 
were given. Between periods 2 and 3, 12 min. were set aside for rest and 
for the presentation of additional problems to be used by such students as 
had solved their problem during the first two periods. This interval 
preceding period 3 thus served as a control of the lecture interval which 
preceded period 4. 

The number of solutions occurring during periods 1 and 2 shows the 
relative difficulty of the control and experimental problems. During 
periods 3 and 4 there is an increase in the number of solutions. The 
difference between the percentage increase in solutions during these two 
periods is a measure of the effect of the lecture and hints on the probar. 
solving ability. 

(2) The problems used. 

(1) T'he square problem. Given three-quarters of a square, divide the area into four 
parts which are equal in shape and size. 

(2) The dot problem. Given three rows of three dots each, pasa through each of the 
dots with four straight lmes without raising the pencil from the paper. Retracing a 
line is/regarded as making a line. 

(3) The ‘T’ problem. Each student was given four blocks of wood. From these he 
or she was asked to construct a perfect ‘T.’ 


One of the first two problems was to be selected for periods 1 and 3 
and therefore became the control problem. One of the last two problems 
was to be selected for periods 2 and 4 and became the experimental 
problem. A few of the students had heard of two of the above problems. 
They were given other problems but their results were disregarded. 

The additional problems which were presented at the end of the 
second period merely served to keep busy the students who had solved 
their problem in either or both of the first two periods. As these problems 
do not concern the experiment they need not be described. 


(3) Results. 

In Table V the success of the subjects in solving the control and the 
experimental problems is shown. Before the suggestions had been given 
the control and experimental problems were solved by approximately the 
same number of students. Thus 17-2 per cent. of the subjects solved the 
control problem and 17-8 per cent. solved the experimental problem. 
This means that at the outset the two problems were about equal in 
difficulty. However, in periods 3 and 4 the number of solutions to the 

10-2 
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experimental problem is twice the number of solutions to the control 
problem. Thus in period 3, 18-6 per cent. of the remaining subjects solved 
the control problem, whereas in period 4, 37-4 per cent. of the remaining 
subjects solved the experimental problem. This difference in productivity 
in periods 3 and 4 seems to be primarily due to the lecture and suggestions 
which preceded period 4. The time consumed by the lecture can hardly 
be a determining factor because a rest period which permitted more time 
for contemplation on the problems preceded period 3. The lecture 
required attention on what was said ав the students were required to take 
notes. They had been previously informed that they would be held 
responsible on examinations for the lecture. 


Table V. Solutions to control and experimental problems 


during each period. 
Number of subjects Percentage 
Period attempting problem Succeases Failures which solved 
Control problem. 
1 169 20 140 17-2 
3 140 26 114 18-6 
1 and 3 169 56 114 32-5 
Experimental problem. 
2 169 30 139 17.8 
4 139 52 87 374 
2 and 4 169 82 87 48 5 


Tables VI and VII give the results for men and women, respectively. 
Periods 1 and 3 were about equally productive for the men, the per- 
centage which solved the control problem being 18-4 and 21-4 respectively. 
Period 4, however, was nearly twice as productive as period 2. The 
percentage of men solving the experimental problem during periods 2 
and 4 was 22-3 and 41-3 respectively. In the саве of the women, periods 
1 and 3 were also about equally productive, the scores being 15-2 and 
14-8 per cent. respectively: During period 2, 10-6 per cent. of the women 


Table VI. Solutions made by men. 


Number of subjects Percentage 
Period attempting problem Successes Failures which solved 
Control problem. 
1 103 19 84 18-4 
3 84 18 66 214 
land 3 103 37 66 35:9 
Experimental] problem. 

2 103 23 80 22-3 
80 33 47 41-8 


4 
2 and 4 103 66 47 54-4 


NORMAN R. F. MAIER | 158 
Table VII. Solutions made by women. 


Number of subjeots Percentage 
Period attempting problem Successes Faures which solved 
Control problem. 

1 06 10 56 15-2 

3 56 8 48 14:3 
l and 3 66 18 48 27-3 

Experimental problem. 

2 66 1 59 106 

4 59 19 40 322 
2 and 4 66 26 40 39-4 


solved the experimental problem, but during period 4, 32-2 per cent. of 
the remaining ones solved the problem. Thus in the case of the women, 
period 4 was three times as productive as period 2. 

In comparing the number of solutions appearing among men and 
women we again find the men more productive than the women. Of the 
men, 35:9 per cent. solved the control problem, and 54-4 рег cent. the 
experimental problem. Of the women, 27-3 per cent. solved the control 
problem, and 39-4 per cent. the experimental problem. Thus, as in Exp. I, 
the men make higher scores than the women even though the women 
profit more by the suggestions. Without the suggestions the score made 
by the men is 46:2 per cent. higher than that made by the women. 


V. Discussion. 


The results of both experiments indicate that when subjects are 
carefully instructed to guard against habitual activities and persistent 
directions, but to be on the alert for new points of view, there is & decided 
increase in reasoning ability as measured by the increage in solutions 
found to difficult problems. Taken together these experiments demon- 
strate conclusively that the increase in the number of solutions cannot be 
accounted for in any other way. If the suggestions given are responsible 
for the increase in the number of solutions, we have demonstrated that 
habitual behaviour and persistent directions which accompany problem- 
solving actually prevent solution-patterns from appearing. Thus a person 
may fail to solve a problem, not merely because of inability to form the 
solution-pattern, but because habitual activity actually inhibits the 
solution-pattern. One cannot equip a person with the ability to form 
solution-patterns, but one can train him to clear the ground so that the 
solution-pattern is not prevented from appearing. In other words, 
reasoning is, at least in part, the overcoming or inhibiting of habitual 
responses. 
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That reasoning is not only the inhibition of habitual responses has 
already been demonstrated by the writer in the case of the rat (6). When 
rats are presented with problems, the solutions of which are sometimes 
(1) opposed by a habit, and (2) not opposed by a habit, there are more 
solutions appearing in the latter case than the former, but the latter still 
presents them with difficulties. 

The difference between men and women is of considerable interest. 
In Exp. I the problems used seemed to favour the men, and the supe- 
riority of the men over the women was marked. In Exp. II the score made 
by the men was 46-2 per cent. higher than that made by the women. In 
this case the problems used do not seem to favour the men. Whether the 
superiority of men over women in such problems is innate, or a function of 
differences in experience and interests cannot be decided from these data. 

Billings (1) found a similar sex difference in college men and women. 
He found that men mastered the information required for problems 
6-2 per cent. better than women, their 1.9. was 5-5 per cent. higher, but 
their ability to solve problems was 48-7 per cent. higher. The differences 
between men and women found by Billings and myself are very nearly 
equal despite the fact that the problems used were very different. 

A further interesting sex difference is the fact that women profited 
more from suggestions than the men. This is difficult to explain, especially 
since Table IV shows that poor reasoners profit almost as much as 
good reasoners. Apparently the inferior score of the women is not entirely 
a matter of inferior ability. 


VI. Summary. 


The purpose of the present experiment was to determine whether 
habitual activity actually inhibits the formation of solutions to problems 
or whether such activity merely comes in when there is nothing better to 
do. This was tested in two ways. (1) An experimental group was given 
general suggestions which consisted of advising students to try to rid 
themselves of persistent habits and directions in their thinking, and to. 
maintain an attitude of receptiveness for new approaches to the problem. 
This group was compared with a control group in problem solving 
ability. (2) A different group of subjects was tested on its ability to solve 
a control and an experimental problem, the latter having been preceded 
by the above-mentioned suggestions. 

The results are as follows: 

(1) The experimental group of subjects made a score 24-1 per cent. 
higher than the control group. i 
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(2) The experimental and control problems, which were found to be 
equal in difficulty before the suggestions were given, showed & marked 
difference in the number of subjects who solved them after the sugges- 
tions had been given. With the suggestions, the experimental problem 
was solved by twice as many individuals as was the control problem. 

(3) Poor and good reasoners profited about equally by the suggestions. 

(4) Women were markedly inferior to men in problem-solving ability. 

(5) After the suggestions were given the scores of women rose much 
more than did the scores of men. 

Because suggestions which advise against habitual and persisting 
activity increase problem-solving ability, it is concluded that reasoning 
involves the inhibition of persisting habits as well as the ability to form 
solution-patterns. 
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I. INTRODUCTION. 
“The history of philosophy is to a great extent that of в certain clash of human 
temperaments.” William James, Pragmatism, p. 6. London, 1907. 
“The manner in which animals learn has been much studied in recent years.... 
One may say broadly that all the animals that have been carefully observed have’ 
behaved so as to confirm the philosophy in which the observer believed before his 
observations began. Nay, more, they have all displayed the national characteristics 
of the observer. Animals studied by Americans rush about frantically, with an 
incredible display of hustle and pep, and at last achieve the desired result by chance. 
Animals observed. by Germans sit still and think, and at last evolve the solution out of 
their inner consciousness.” 
Bertrand Russell, 4n Outline of Philosophy, pp. 32-3. London, 1927. 


WHEN any insuperable difficulty seems to arise in any psychological or 
philosophical sphere, or when there is any vital disagreement between 
the theories and results of different investigators, then, according to the 
principle that is expressed in these two quotations, the discordance is 
due far less to objective complexities in the problem itself than to the 


1 This paper is intended as a theoretical introduction to a series of articles by the 
present writer (), 
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subjective organization of the mentalities which have approached the 
problem. А useful illustration may be drawn from the mechanical 
sciences. A common situation, in that field, is a complicated, though 
balanced, system of forces, such as the structured framework of girders 
which supports a roof. Now when a new force is added to the system, 
as by putting a chimney on the roof, not only is the centre of gravity 
of the whole system displaced to а certain extent, but also the stresses 
and strains in every part of the system, t.e. in each girder, are somewhat 
altered. So in psychology, there always appears to be some loading, or 
extra emphasis of certain factors, which thereupon influences the whole 
organization or system. Other special inclinations appear among other 
investigators, with the result that the two or more systems tend to 
become mutually incompatible. The methods of research are determined 
by these ‘loadings,’ and the conclusions reached by the research confirm 
the one system and fail to confirm the other. The psychologist’s own 
personality, his training and his particular interests and dispositions are 
unwittingly reflected in all that he does, and have to be taken into 
account in evaluating his contributions to psychology. 

There is no need to multiply instances of this universal tendency in 
human thought. Bacon’s description of ‘Idols,’ in Novum Organum, is 
still worthy of consideration. Bentham, in his Theory of Fictions, 
analysed the reification of language; and his work has been followed up 
by Ogden and Richards in The Meaning of Meaning, where it is shown 
that many of the concepts of natural science and philosophy are anthropo- 
morphic names which have been hypostatized into self-subsistent entities. 
Freud’s'account of errors, and Bartlett’s experiments on memory demon- 
strate the influence of affective complexes and sentiments on our cognitive 
functions. Spranger’s elaborate system of ‘values,’ each with its own 
‘instinctive rationality,’ Bergson’s attack on the ‘cinematographic’ 
nature of intellect, and Whitehead’s ‘fallacy of misplaced concreteness,’ 
are further descriptions of the same phenomena. 

Naturally we are always ready to admit that the other side is biased. 
But the word bias has an ethical connotation which should be excluded 
from psychology. The so-called irrationality of the human mind may 
account for many futile disagreements among psychologists, but it is 
also essential for progress, as Boring has pointed out(8). Divergencies 
among different investigators which lead to controversy, and the hypo- 


1 Lewm believes that contemporary psychology, when it contrasta the ‘normal’ with 
the ‘pathological,’ or the ‘rational’ with the ‘irrational,’ is on the same level of develop- 
ment as Aristotelian physics, with its ‘heavenly’ and ‘earthly’ forms of motion‘). 
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statized ‘fictions’ contained in their theories, are the stepping stones to 
fuller knowledge. Moreover these ‘loadings’ are far more variegated and 
subtle than mere affective biases which influence individual minds. They 
include racial dispositions, cognitive categories and modes of thought 
common to the whole of a school, to a particular community, or to a 
generation. Another aspect which has been insufficiently realized is their 
two-sidedness; they always tend to become stereotyped and caricatured 
in the minds of those who oppose them. In other words, the ‘Idol’ is not 
only the product of the person who worships it, but it is also a man of 
straw, set up to be knocked down by disbelievers. 

The contrast between American and German psychology, to which 
Russell has drawn attention in the paragraph quoted above, is an obvious 
illustration of these principles. The cleavage, in every branch of psycho- 
logical research, has been manifest ever since Cattell undertook the in- 
vestigation of individual differences in reaction times in the Leipzig labor- 
atory, an experiment which Wundt called ganz amerikanisch (cf. (4) p. 319). 
The kind of problems upon which they concentrate are characteristic. 
Maller(6) has shown, by analysing recent bibliographies, that less than 
20 per cent. of the books and articles, at the present time, which deal 
with statistics, mental tests, and educational psychology are by Germans 
(presumably most of the remaining 80 per cent. are by Americans). 
Whereas in the fields of special mental conditions, sleep and dreams, sex 
behaviour, criminology, philosophical and psychiatric studies of character 
and personality, more than 50 per cent. are German. But even when 
representatives of the two countries study the same problems, e.g. animal 
intelligence, meaning, or the organization of personality, the methods of 
approach are so different that opposite conclusions are often reached. 

It is hardly an exaggeration to say that 90 per cent. of the followers 
of the typical German schools regard American investigations and theories 
as futile, and that 90 per cent. of American psychologists return the 
compliment. According to Lehmann and Witty (6), out of 204 recent 
American Ph.D. theses, only 24 per cent. made use of literature in any 
foreign language, as contrasted with 65 per cent. which employed statis- 
tical methods; and the relative discrepancy is increasing’, The language: 
barrier is not a sufficient excuse, since at many American Universities 
some knowledge of German is essential for the Ph.D., and most of the 
German literature is summarized in Psychological Abstracts. German 


1 It is also noteworthy that, in a recent American textbook which aims to cover the 
whole field of personality diagnosis, ouly 5 per cent. of a bibliography of nearly 1000 books 
and articles is German. Cf. Allport). 
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psychologists, likewise, who generally possess a fair knowledge of English, 
have absorbed scarcely any of the literature that deals with developments 
in American research. They are still flogging the dead horse of Watsonian 
Behaviouriam; and in the field of personality their knowledge of American 
methods and theories rarely seems to extend beyond 1914. 


JI. THE 8втору OF PERSONALITY. 


It must be seldom that five minutes of a man’s waking life can pass 
without his reacting in some way, during that time, to other men. Even 
if he does not see or hear members of his species, yet most of his thoughts - 
concern them, or his explicit behaviour implies their influence. And in 
every such physical or mental contact between human beings there is 
found a feature which we may call—a judgment of personality. If one 
meets a friend or a stranger, one talks to him differently according as 
one judges him to be an optimist, a pessimist, an intellectual, or an 
athlete, etc. And one believes that the epithets (i.e. the personality trait- 
names) which one applies to people will continue to be applicable to 
them to-morrow, or next week. Köhler and Yerkes! have shown that 
apes possess distinctive and consistent personalities, and Pavlov(9) has 
described temperamental differences among dogs. Art, law, education, 
magic and religion have concerned themselves with the study of per- 
sonality for untold ages. Psychology, however, has only recently entered 
upon its ‘proper study.’ The double stimuli of psychopathology and 
mental testing were responsible for diverting it from its pursuit of the 
abstract, average, mind to the investigation of concrete, individual 
persons. 

For the purposes of the present discussion there is no need to take up 
arms in the battle over definitions of personality (cf. (10) pp. 681-8), or of its 
innate foundations, i.e. temperament. Let us consider it, in its colloquial 
sense, as, “ What kind of a person so-and-so is, what he is like” How, 
we must ask, should the scientist set about studying this phenomenon 
which everybody recognizes, but about which no two people agree? 

All science, it seems, starts out from subjective experience which, as 


1 “Our observations convince ts, as do Kohler’s, that such terms as temperament, 
individuality, and personality are as useful, nay even as essential, in the description of 
the chimpanzee as of man....Anyone who doubts the existence of extremely different 
characteristics in individual chimpanzees need spend only a few hours before the cage of 
these animals to be convinced that they are quite as individual and quite as different in 
their traite of temperament and character, in their liability to and expression of tough 
and tender emotions as we are”’((8), pp. 278f.). 
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a result of controlled observation, attains a universal and externalized 
status. By means of intellectual inference and conceptual generalization, 
scientific laws are discovered which express invariable sequences within 
the phenomena that are observed. The aim of a scientific psychology of 
personality should be similar; it should try to analyse, systematize, 
measure and predict the activities of mankind, as physics has done with 
the activities of gases, metals, and the like. It should summarize defini- 
tively our experiences of human nature and the interactions of individual 
human beings. But its task is far more difficult than that of physics, 
for two main reasons: first, the phenomena of human nature are more 
° complex than physical phenomena; secondly, our judgments of per- 
sonality are much more fallible than our observations of objective events 
in the physical world. American and German psychologists have partially 
recognized these difficulties, but their reactions to them have been very 
different. Let us attempt first an analysis of the general trend in 
American studies. 


ПІ. THE AMERICAN PSYOHOMETRIO APPROACH TO PERSONALITY. 


The American psychologist admits that, owing to the complexity of 
human organisms, the study of personality is unlikely ever to achieve 
the same exactness as physics and chemistry. Too many disturbing 
factors influence any single piece of behaviour of the individual for 
Strictly objective experimentation or the establishment of invariant laws 
to be possible. The most that can be hoped for is to establish statistical 
tendencies, based on large numbers of observations, which may event- 
ually cancel out the errors and deviations that are unavoidable in any 
single observation. The corollary of this statistical outlook is that such 
errors and deviations are ascribed to ‘chance.’ Thus mass investigation 
takes the place of detailed study of individual events and persons. In 
most sciences, precise measurement follows on the comprehensive obser- 
vation and analysis of the phenomena in question, but the psychometrist 
seems to have jumped a stage and to have concentrated upon measure- 
ment before he knows what he is measuring. Thorndike's dictum is 
characteristic: “Whatever exists, exists in some amount. To measure it 
is simply to know its varying amounts” (ш). By dealing with averages 
and probabilities the meaningfulness of the single concrete reaction or 
observation i8 neglected. 

The American psychologist has also been greatly influenced by the 
subjectivity and bias that are apparent from his experiments with esti- 
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mates or ratings of human traits, with judgments of personality from 
external signs, etc. He has concluded that we usually see one another 
through a ‘halo,’ a general favourable or unfavourable impression’. Our 
notions of а man’s traits are frequently based on the most sketchy 
observations of his factual behaviour. We jump to conclusions and 
generalizations on quite inadequate grounds, failing to notice such charac- 
teristics as do not fit in with our stereotyped picture of him. And since 
no two observers see the man during the same phases of his existence, 
nor possess identical prejudices concerning him, it is seldom that these 
judges agree in their personal opinions. 

Hence there has arisen the Behaviouristic tendency in the study and 
measurement of human aptitudes and personality traits. Traits, like 
instincts, are looked on with disfavour, and considered to be resurrected 
‘faculties.’ The American psychologist usually denies that they are 
dynamic, existential entities within the organism, which determine be- 
haviour. Rather are they constructs in the minds of the observers, who 
generalize and agglomerate under a few ‘blanket’ epithets the immense 
complexities and inconsistencies of behaviour. Sociability, for example, 
is not a general trait because people are found to vary in their sociability 
in different situations, and in the eyes of different observers. A child 
may be shy and reclusive at school, but frank and sociable at home. If 
several tests of this hypothetical trait are applied to a group of subjects, 
they seldom intercorrelate highly with one another, nor with ratings. 
According to the doctrine of specificity, which is widely accepted in 
America, the subject’s reactions to a number of test situations are 
dictated, not by his general traits, but by innumerable specific, inde- 
pendently functioning habits of response. If, however, two or more tests 
do overlap in their results, this is ascribed to the presence of common 
identical objective elements in the test situations. This doctrine is 
already familiar in American educational psychology, where all transfer 
of training is denied. “What you do to the mind by means of education 
knows its place; it never spreads. You train what you train” ((12), pp. 4f.). 
The so-called objective or ‘new-type’ educational tests, which have largely 


1 Psychologically, the halo in judgments of personality is the exact counterpart of the 
loading m methods of investigation. It was shown, in the introduction, that psychological 
schools should not be regarded as springing from the irrationalities of human thought; 
similarly contemporary psychometrista are tending to give up the notion of ratings as 
partly true, partly prejudiced. Instead the term ‘reputation’ is coming into use, в term 
which is comparatively free from ethical connotations. The rating which B receives from A 
is B’s reputation in A’s eyes, a reputation which includes A’s own personality and outlook 
ав an important constituent. 
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teplaced the ordinary essay-form examinations, are a further symptom 
of the same outlook on mental organization. 

Both aptitudes and traits, then, are practically defined in terms of 
habits of behaviour. A man’s mechanical aptitude or his sociability 
consist essentially in his reactions to mechanical and social situations. 
And since these reactions differ in different contexts, the aptitude or 
trait is considered, quantitatively, as the number or proportion of 
habits of behaviour of the particular type that is called mechanical 
or sociable. A few people show a very high or very low proportion 
of social reactions in daily life, the majority show a moderate or median 
proportion. Hence it is that a trait of sociability which, in the view of 
the psychometrist, does not actually exist, can yet be treated as a 
quantitative continuum, varying in amount in different people and 
normally distributed. 

American psychologists approach personality almost exclusively via 
the test. A test is a reaction to a standardized situation, which has been 
proved to be symptomatic of behaviour in general. In other words, ‘its 
object is to predict this degree or frequency of mechanical or sociable, or 
other reactivities. Thus the experimenter who wishes to ‘measure’ the 
aptitude or trait first devises a number of situations in which the desired 
reactivity is likely to be manifested. One test situation will not suffice, 
since the subjects’ reactions to it may be affected by uncontrollable 
disturbing factors and ‘chançe errors.’ A battery of tests (ideally, an 
infinite number), covering a wide range of reactions, is more likely to 
obliterate such deviations in the long run, and to represent more ade- 
quately the field of behaviour which is summarized under the name . 
mechanical aptitude, sociability, etc. Each test situation is standardized, 
and the recording or scoring of the responses is made foolproof. Though 
the psychometrist does not realize the fact, yet this procedure implicitly 
involves two quite unjustifiable assumptions: first, that identical ob- 
jective situations will produce identical subjective situations or meanings 
in the minds of all the subjects; and secondly that when two or more 
subjects give the same objective response, then that response is deter- 
mined by identical mental processes within these subjects. The Be- 
haviouristic experimenter tries to eliminate the influence of the psycho- 
logical organization of his subjects upan the stimulus-response sequence 
simply by neglecting it. In actual practice, of course, the most inveterate 
psychometrist would deviate from strictly uniform conditions in indi- 
vidual Binet testing, in order to ensure a more favourable subjective 
situation. But the greater portion of psychometric investigation is carried 


Рвплр E. VERNON 163 


out by means of group tests, which set out to be entirely impersonal, 
and in which all departures from objectivity are barred. 

. The subject’s aggregate frequency of response or score on the summed 
test situations is considered to be a measure of the amount of his hypo- 
thetical aptitude or trait. But satisfactory units are even more difficult 
to achieve in this field than in the attempted measurement df sensation 
intensities. For personality contains no homogeneous, uni-dimensional 
and discrete variables analogous to the variables with which the physical 
sciences deal. Owing to this lack of absolute, scientific units,.the com- 
monest method is to adopt some derivative of rank order or percentile 
units. That is, the test is applied to a large, presumably unselected, 
sample of the population, and а subject's score is then his standing 
relative to the norms and to the range of responses among that popula- 
tion. This very indirect method of scaling means that the psychometrist 
can study the personality of the individual only through the reactions 
of the group. Moreover the individual’s total concrete response to the 
test situation, together with the complexities of the motives that led to 
his response, cannot be expressed quantitatively. Instead the experi- 
menter is forced “‘...to select some specific aspect of behaviour on which 
all subjects can be quantitatively compared. This procedure results in 
the neglect of innumerable factors, different in each individual, which 
determine the particular bit of behaviour under examination " ( (13), p. 48). 
Psychometries, in other words, cannot deal with differences between 
individuals, but only with differences between performances in tests. 
The patterning or organized form-quality of a single personality is in- 
accessible to the ordinary statistical techniques, and its very existence 
is denied by the doctrine of specificity simply because these techniques 
cannot take it into account. As Fox has stated: “Testers have lost their 
mental balance and are confusing administration with psyohological pro- 
cedure, so that devices invented for rapidly marking large numbers of 
answers have been erected into laws of the working of the mind ” (14), p. ix). 

All scruples, however, are allayed by the final process in the construc- 
tion of the test, namely its validation by the ubiquitous correlational 
methods. The justification claimed by psychometries is that it works, 
that tests of intelligence, for example, yield moderate correlations with 
scholastic grades, or that tests of sociability give even more moderate 
correlations with estimates of the subject’s standings on this trait}. 
Since perfect agreement is never achieved, the exceptions are again 


1 There is no need here to press the point that validity coefficients of about +0-40 to 
+0-70 actually represent a predictive efficiency of only 10 to 30 per cent. 
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ascribed to uncontrollable errors of measurement and observation, which 
may or may not be reduced by modification of the test situations and 
by further standardization of procedure. It is generally forgotten that 
the quantitative success of a test is due, not only to the scientific controls 
which have been applied, but'also to the initial subjective ‘hunch’ upon 
which the test was based. Purely Behaviouristic methods and intellectual 
inference could never formulate the connection between tests of intelli- 
gence and the subsequent intellectual behaviour which the tests are 
designed to predict, had not uncontrolled introspection and ‘intuition’ 
done so beforehand. “Sensible investigators,” says Keynes, “only apply 
the correlation coefficient to...confirm conclusions at which they have 
arrived on other grounds” (05), p. 426). 


IV. PsYOHOMETRIOS AND 8CIENOE. 


It is a highly significant fact that this “era of measurement," as 
Roback (16) calls it, has been confined so largely to America. It suggests 
that the movement towards the investigation of personality by means 
of tests and statistics must be strongly ‘loaded’ in some way, otherwise 
it would hardly have been so completely ignored in this country and in 
France, as well as in Germany. The American prefers to describe this 
movement as the study of individual differences, and he often considers 
it superior to ordinary experimental psychology, since the latter vainly 
attempts to systematize the mental process of the average man, while the 
psychometric approach makes capital out of the non-existence of this 
average man. However, there seems to be no parallel for such a develop- 
ment in the natural sciences (with the possible exception of genetics), 
and it is questionable whether the testing movement has not forfeited 
its scientific birthright by adopting this approach. Instead of trying to 
reach the ideal of achieving laws which express universal relations be- 
tween the variables that are under observation or experiment, it has 
followed what appear to be the methods of technology or medicine. 
Physical laws, says Lewin (2), are independent of conditions of time and 
place (‘historico-geographic’ factors), and are in no way bound up with 
the concept of frequency of occurrence. Indeed, the law which governs 
the falling of bodies in a vacuum never occurs in our ordinary experience. 
Statistical psychology, on the other hand, considers lawfulness as a corre- 
lation coefficient which approaches + 1:0, under particular historical and 
geographic conditions. Individual events are determined by chance 
factors, and are therefore non-lawful. 
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According to Yuleq7, 18), statistical methods, especially those which 
depend on the normal or Gaussian frequency distribution curve, are the 
scientific psychologist’s confession of failure; they have developed be- 
cause of the very imperfections of psycholegical experimentation. And 
Boring (19) shows that the normal form of distribution only arises when 
the factors which influence the variable are so numerous and so poorly 
controlled that they have to be commingled under the name of ‘chance.’ 
Is there any reason, he enquires, other than ignorance, why it should 
apply to mental data? It would seem to be fundamentally antithetical 
to the notion of a systematic psychology of personality. If the artist, 
the psycho-analyst, even the man in the street, do not usually invoke 
chance in their studies of personality, it is difficult to see why the 
psychologist should be interminably wedded to it. Myers(20) also sug- 
gests that the job of the psychologist is to investigate those very ‘errors’ 
which the statistician conceals behind the normal curve. 

American investigations of personality appear to be analogous, not 
to the experiments of the biologist and physicist, but to the Wassermann 
reaction of the blood, and to tests of the breaking point of steel.’ Both 
of these were originated for practical, non-scientific ends. Similarly, 
therefore, psychological testing, which may find some justification in 
. the difficulty of applying purely scientific experimental methods to per- 
sonality, is probably motivated primarily by economic, educational and 
therapeutic ends. Possibly another factor which has contributed to mass 
investigation is the existence of large numbers of pupils and students in 
American schools, colleges, etc.; this necessitates the construction of 
group tests and so tends to minimize the study of the individual. But 
this is obviously a mere symptom of some more fundamental charac- 
teristic of American psychology and education. If one adopted the con- 
ventional European opinion of America, one would consider the testing 
approach as arising primarily from the desire to exploit and improve 
people, rather than from the desire to study people. Such an opinion, 
however, is probably a ‘stereotype’ in the minds of those who hold it, 
and not only a ‘loading’ in the actions of those to whom it is applied. 
Thus it accords better with the principles outlined in the introduction 
to this paper to conclude that the national philosophy which has produced 
pragmatism, Behaviourism and scientific management, has also produced 
the testing movement and the accompanying theory of specificity. 

It is not denied for a moment that many of the chief investigators 
who have used tests have applied them as research instruments rather 
than for practical purposes. Terman (21,22) quite rightly stresses this point. 

J. of Payoh. xxiv. 2 11 
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Much important work, such as that on the relative effects of heredity 
and environment on intelligence, the two-factor theory, the halo effect, 
Terman’s own studies of genius, and even the doctrine of specificity, is 
based on disinterested scientific impulses. What we should enquire, how- 
ever, is if methods whose origin is technological are really suitable for 
scientific research purposes, or if these investigators have been beguiled 
by their own instruments. 

According to Terman, practical motives have acted as a most valuable 
stimulus to science. Pasteur initiated the whole science of bacteriology 
while working on practical problems such as fermentation, rabies, and 
the diseases of silkworms. Many similar examples could be cited. But 
when examined more closely they appear to contradict Terman’s claim, 
namely that the test is a scientific method. For they show that suitable 
practical tests and methods were achieved through a previous truly 
scientific study of the physico-chemical or biological nature of the 
problem. Tests of the breaking point of steel may have afforded us much 
scientific data on metallic crystal structure; but it would be more correct 
to say that scientific study of metallic crystal structure has enabled 
engineers to develop better tests of the breaking point of steel. The same 
holds good for medical tests of the blood. It is very doubtful whether 
any scientific advance has followed from strictly technological or thera- . 
peutic work, in spite of the fact that technology and therapeutics have 
stimulated or financed a huge volume of research which, by using scien- 
tific methods, has led to scientific as well as to practical advances. 
Similarly the psychology of personality is too often confused with re- 
ligious education and mental hygiene, and with vocational adjustment 
or personnel work. All of these applications of psychology may have a 
considerable value of their own, but they ought to be the followers and 
not the leaders of the ‘pure’ science. No one would deny that psycho- 
logical tests have been useful and will in the future be even more useful, 
yet surely it would be worth the psychometrist’s while to find out first 
what it is he is testing. The preliminary study of fundamental theoretical 
problems seems to have been neglected for the sake of practical results 
(cf. @3)), or to have been left to psychiatrists, to artists and to German 
philosophers. And the testing method itself, primarily a means to a 
non-scientific goal, should not be hypostatized as though it was the only 
and exclusive approach to the truth about personality. On the contrary 
there is every reason to expect that the results obtained by the sole use 
of this method are unwittingly loaded. The exigencies of technology are 
by no means the same thing as the physicist’s universal laws. 
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V. Тнк GERMAN QUALITATIVE APPROACH TO PERSONALITY. 


Although German industrial psychologists are working along some- 
what the same lines as American, the psychometric approach to per- 
sonality is almost wholly uncomprehended in Germany. Many experi- 
mentalists, to be sure, employ rudimentary statistical methods, such as 
medians, rank order correlations, and the like, in working up their 
results. But they usually omit any mention of probable errors, reliability 
coefficients, etc. The simple range of scores is the only measure of dis- 
persion that is at all frequently presented. Inexact tabular methods of 
expressing their findings are generally preferred to strictly controlled 
numerical formulation and algebraical treatment. Correlation coefficients 
are often derived from very small numbers of cases, and the degree of 
heterogeneity of the groups of subjects (a factor which has an enormous 
influence upon the size of the coefficient (cf. (24))) is not indicated. Far- 
reaching theoretical generalizations are often based on quite unreliable 
differences in the average scores of groups. 

This is but natural, however, for the German experimentalist does 
not think statistically. He certainly does not consider that imperfect 
correlations are largely due to chance errors of measurement. To pile up 
large masses of numerical records does not appeal to him, because mere 
frequency of occurrence has never impressed him as a criterion of the 
. truth. While recognizing, as does the American, the complexity of human 
.' nature, his reaction to this fact is to consider every piece of behaviour of 
an individual subject as meaningfully related to the subject’s total per- 
sonality. A test response—for tests of a kind are frequently applied in 
Germany—does not consist of so much trait or aptitude and so much 
uncontrollable error. Instead it is the expression of a wide variety of 
psychological factors which must therefore all be taken into account in 
determining the significance of this response. According to Gross,“ Every 
individual quality is merely a symptom of a whole nature, can be ex- 
plained only by the whole complex” (85), p. 61). Stern’s Personalistik 26), 
Klages’ Ausdruckslehre@1), and Spranger’s ‘cultural’ psychology (88), are 
the chief deductive systems, which stress this consideration of every act as 
symptomatic of the total Person. 

Take, for example, the responses to Rorschach’s inkblot test (29) which 
are determined by the colours of the blots. The author of the test claims 
that these responses represent impulsiveness and highly toned affectivity 
in the subject. In order to validate this claim, the psychometrist would 
obtain the total colour scores of a large group of subjects and correlate 
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them with other criteria (e.g. ratings) of impulsiveness, and would very 
likely find a negligible or even a negative coefficient. But this result 
would not disconcert the proponents of the test. For the actual interpre- 
tation placed on these colour responses varies greatly with all the other 
types of response that the individual gives to the blots. Most certainly 
one subject who obtained twice as many colour answers as another would 
not be considered to be twice as impulsive, or even to possess the same 
trait as the other but in a different amount. And impulsiveness is not, 
for the German experimenter, a uni-dimensional and isolated trait, nor 
a quantitatively definable set of habits of behaviour. It is a quality of 
reaction which is dependent on and modified by the particular individual's 
special type of intelligence, by his interests and values, and by his funda- 
mental affective attitude or biotype. The correlation would therefore be 
accepted as low, not because the colour answers have poor diagnostic 
validity, but because each subject’s affectivity is unique, and can only 
be understood in the light of the total form-quality of his make-up. 
Indeed the validity is implicitly assumed to be perfect, so long as the 
experimenter possesses sufficient skill in interpreting the data that are 
derived from the test as a whole. | 

Here is а difficulty that might seem to be insuperable. The psycho- 
metrist may justifiably ask, what is the use of a test which cannot be 
validated by the scientific, quantitative methods which he has been 
brought up to believe inf And he would вау that many of the corre- 
spondences claimed by Klages, Rorschach, Jaensch, etc., between test 
responses and psychological traits are little better than homoeopathic 
magic. For example, upright, vertical handwriting is associated by 
Klages with stability and self-control; exaggerated size, pressure and 
speed of writing with explosiveness of temperament, and so on. Em- 
pirical evidence of such correspondences is hard to find. Possibly Klages 
did notice these features in the handwritings of a few subjects whom he 
believed to be characterized by these traits. But as he had already 
decided on this interpretation through deductive reasoning and ‘intui- 
tion,’ he was, perhaps, ‘looking for’ the traits and therefore found them 
to his own satisfaction. Another German psychologist who preferred a 
different theory of the organization of personality might easily have 
claimed, on equally good grounds, that the features represented some 
entirely different trait. If the intuition of the experimentalist is allowed 
to determine the symptomatic meaning of an act, who is to decide which 
interpretation is the best one? The validation of German diagnostic 
methods is often unashamedly subjective. For example, the experi- 
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menter procures case-studies of his subjects, either from school-teachers 
or psychiatrists; or sometimes he even writes these studies himself. He 
then discusses in detail the results of the test and tries to show verbally 
the agreement with the case-studies. These ez post facto correspondences 
are, of course, quite unconvincing to the psychometrist. 

At the same time the lack of validity which is obtained when corre- 
lational techniques are applied to German methods is very likely due to 
the artificiality and unsuitability of such techniques for expressing the 
complex unities or patternings within the individual. In the field of 
graphology, for instance, some Germans have developed methods of 
comparing the total script with the total personality, and their diagnostic 
findings are extremely favourable. The American, on the other hand, 
makes detailed measurements of minute features of the scripts of a large 
group of subjects, correlates these measurements with estimates of the 
subjects’ traits, and concludes that his zero coefficients have ‘debunked’ 
graphology once and for all (cf. (13), Chap. тк). 

А good summary of the present position is contained m the ere 
quotation from Thurstone ((30), p. iv): 


. It is only fair to say that personally I do not believe that these correlational 
methods and partioularly the reliability formulae have been responsible for much that 
can be called fundamental, important, or significant in psychology. On the contrary, 
the correlational methods have probably stifled scientifio imagination as often as they 
have been of service. As tools in their proper place they are useful but as the central 
theme of mental measurement they are rather sterile. On the other hand I should 
never recommend the loose thinking that is current m some European psychology 
where biometric logic is conspicuous by its absence. What is needed there is more of 
the biometric methods for testing clever ideas. 


VI. ТҮРЕ PSYCHOLOGY. 


Since the German psychologist makes little use of averages, standard 
deviations and correlations in generalizing from his experimental data, 
some alternative procedure is clearly necessary. This is supplied by the 
type. But psychological types, as employed by Jung, Kretschmer, 
Rorschach, Spranger, Jaensch, and others, are entirely foreign to 
American conceptions. They are logical generalizations, rather than 
empirical groupings. The psychometrist would criticize Kretschmer’s 
typological theory, for example, along the following lines. Bodily 
physique, skin texture, cycloid v. schizoid tendencies, social-asocial traits 
and other mental qualities are each of them distributed in the total 
population according to the normal or Gaussian curve. A few persons 
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manifest extremely high or low standings on any one characteristic, but 
the majority are near the average. Moreover, no two characteristics 
intercorrelate at all highly, so that it is entirely fallacious to think of 
some persons as belonging to one (pyknic) type and possessing all of one 
set of characteristics, other persons belonging to another (asthenic) type 
and possessing the opposite set of characteristics. In fact the typologist 
seems to go to the other extreme from the psychometrist, since he 
neglects all empirical individual differences and only allows the existence 
of these hypostatized subjective differences. 

But this criticism is again a misunderstanding of the German ap- 
proach. Psychological characteristics, from the qualitative standpoint, 
do not imply a normal distribution m a random population, as they do 
to the psychometrist. Hence the German is not at all impressed by the 
argument that bimodal distributions practically never occur in nature. 
Indeed few but E. Jaensch ever take any notice of such an argument. 
Moreover, frequency of occurrence has nothing to do with the type 
concept. According to Kliiver (31, 82), the postulation of a type implies 
that personalities are viewed with respect to their “essential charac- 
teristics.” A type reduces a set of phenomena (such as bodily build, 
psychomotility, psychoneurotic tendencies, etc.) to “one fundamental 
formula." The type is a generalization. made by the typologist of the 
way in which these phenomena appear to him to interact dynamically; 
it is not a mere collection of statistically associated objective phenomena. 
It is openly admitted that no single individual is ever likely to exhibit 
all the typical characteristics within his own psyche. Naturally there are 
wide variations between the doctrines of different typologists; the data 
which are cited by the present writer in Part II of his account of the 
Rorschach test@9) exhibit an immense complexity and overlapping 
among the various schemes. Yet all possess the common feature of 
serving to make intelligible (at any rate to their authors) the form- 
qualities of personalities, by means of the abstraction and interpretation 
of the main dispositions and traits as a hypothetical dynamic system 
or totality. Jung’s introvert and extravert types are based, as Klüver 
shows, on “the long experience of a physician...made accessible to us 
in condensed form." And they are certainly not regarded as empirically 
established aggregates of isolated functions, attitudes, or habits of be- 
haviour, which are bimodally distributed in an unselected population. 
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VII. Tre ENGLISH APPROACH TO PERSONALITY. 
i 


One might imagine that English psychologists would be especially 
well fitted for investigations of personality which would combine the 
advantages of, or avoid the disadvantages of both the American and the 
German approaches. Yet it must be admitted that:important English 
work in the field is conspicuous by its absence. Certainly our intelligence 
testing is well advanced, though, as far as techniques go, we have done 
little but follow French and American leads. And our industrial psycho- 
logy may well claim to have forged ahead of that of any other country, 
in many respects. If our vocational guidance is particularly successful, 
it is probably due to the development of methods which temper American 
objectivity with the more artistic and clinical outlook of German psycho- 
technology (33). But apart from applied psychology our contributions to 
the experimental study of temperament and personality are meagre. 

This is all the more curious when we recollect that Francis Galton. 
was certainly one of the main founders of the movement. If the amount 
of influence’a psychologist exerts upon the progress of psychology all 
over the world (not only in his own country) is any criterion of greatness, 
then Galton is probably our greatest psychologist born within the past 
hundred years. Few of us, perhaps, would care to admit this estimate, 
presumably because we are out of sympathy with his work, which others 
have eagerly absorbed. 

In the present century, two contributions stand out—Webb’s labs: 
rate study with ratings in 1915 (84), and Burt’s development of the method 
of estimating emotional qualities from interviews and performance test 
situations (35, 36), The extreme importance of halo effects and subjective 
prejudice in ratings had not been discovered when the former research 
was carried out, so that its conclusions are now somewhat discredited ; 
but it was a most valuable pioneer attempt. Burt’s work was also essen- 
tially subjective; the validity of his method has never been demonstrated. 
And yet the fact remains that it is almost the only method which is of 
real practical value on the temperamental side of research in vocational 
guidance and juvenile delinquency. And more adequate consideration 
has been devoted to its theoretical background than to that of any of 
the well-known ‘objective’ psychodiagnostic methods. 

Most of the remaining research in this country has concentrated on 
insignificant motor performances, such as the Downey Will-Temperament 
tests, and perseveration. These are far. too elementary and peripheral to 
show consistent and valid connections with accepted traits of personality; 
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Sensory-motor tests, at a similar psychophysiological level, were widely 
exploited towards the end of last century as possible measures of intelli- 
gence; but they did not make any call upon the subjects’ intellectual 
functions, and therefore failed utterly in their purpose. Since they make 
no call upon the affective functions, and have very little meaning for the 
subjects, they appear, according to the consensus of critical research, to 
be unrelated to personality also. The same holds good for the psycho- 
galvanic reflex. Practically no claim has ever been made for its affective 
or conative significance by any one experimenter which has not been 
directly contradicted by the findings of some other experimenter. Those 
who work with these physiological and sensory-motor functions still 
seem to be at the stage of confusing ‘equivocance’ with ‘equivalence’ 
(cf. (37)). (American psychometrists are rapidly emerging from this fallacy, 
but the Germans are still immersed in it.) For example, fluctuations in 
cancellation speed or in quickness of reaction time may conveniently be 
given the name— oscillation’ or ‘variability.’ But it certainly does not 
follow that measures of these fluctuations in an unselected group of 
subjects bear any significant relation to the ‘instability’ or ‘variability’ 
of the subjects’ temperamental make-up (cf. 03), pp. 123-8). It is un- 
fortunate that so much of our energy is being wasted in this field, when 
far more vital problems are being followed up in Germany and in 
America. We should be able to avoid the ‘loadings’ which tend to distort 
so much of the work in these two countries, and to develop a scientific 
psychology of personality more successfully than either. ` 


VHI. POSSIBLE DEVELOPMENTS IN THE EXPERIMENTAL, 
PSYCHOLOGY OF PERSONALITY. 


Only the most tentative outline of some of the possibilities of re- 
conciliation will be attempted here. Qualitative clinical methods and 
quantitative objective standards should not necessarily be incompatible. 
Controlled empirical techniques might be developed which would aim at 
validating manifestations of personality as concrete Gestalten, rather than 
as abstracted statistical ciphers. On the one hand the complexities of 
human nature and the meaningfulness of the unique individual reaction 
should not be forced into unsuitable quantitative moulds, and on the 
other hand means should be devised for overcoming the subjectivity and 
fallibility of uncontrolled intuitive and clinical procedure. 

One method which fulfils these conditions is that of matching; it 
should have a very wide applicability. For example, half-a-dozen speci- 
mens of handwriting are presented to a group of judges together with 
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photographs of the subjects or writers. The judges have to matoh or 
guess which script belongs to which face. Gramophonic reproductions 
of the subjects’ voices, the shape of their hands, cinematographic records 
of their walk or gait, their professional occupations, examples of their 
‘literary or artistic productions, short case-studies, and many other such 
expressions of personality have been matched or compared together by 
various investigators! When the statistical implications of the method 
have been worked out more fully, it may be employed for correlating 
any single aspect of personality with any other. Hence it may serve to 
throw light on fundamental problems of human organization. 

Perhaps the most pressing problem in the field is the significance of 
each ‘level of expression’ for the person as a whole, and the interrelations 
of these levels. The lowest level is the anatomical, including constitu- 
tional types, measurements of the features, physique, etc. Have these 
objective data any significant connection with the higher social and 
emotional traits? Endocrinological, chemical and psychogalvanic mea- 
surements constitute a second level. Motor performances, perseveration, 
variability in reaction time and the like, should next be considered. 
Probably spontaneous movements are more important—handwriting, 
gestures, gait, dynamics of the voice and Mitbewegungen. Perceptual 
and imaginal qualities are frequently studied in Germany, but their true 
relationship to personality is unknown; distinctive types have been 
alleged to occur in reading and tachistoscopic experiments, in the descrip- 
tion of objects and recall, in interpretations of inkblots. Are literary and 
artistic style, speech, dress, house furnishings, tastes in music, reading 
and recreations as characteristic of the person as we generally suppose? 
Again, the connections claimed by psycho-analysts between childhood 
fixations and subsequent character traits should be established (or dis- 
proved) by more controlled methods. The judgments of first acquaintances 
and of intimate friends should be examined in the light of the per- 
sonalities of the judges themselves. The trustworthiness of the subjects’ 
own introspections, in their diaries, or when questioned, needs fuller 
analysis. The significance of American objective test records, and of free 
` association, interest blank and Pressey ХО responses is still dubious. 

Obviously the main difficulty is that of the criterion against which 
these levels of expression may be compared. Probably the aid of 
psychiatrists and clinical psychologists should be enlisted. They should 
draw up detailed case-studies of the subjects, based as far as possible 
on facts of their life histories, and connected up with hereditary and 


1 For examples and oriticisms of the method, of. a», pp. 11-14, 197-203. 
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environmental influences. A wide variety of normal persons and abnormal 
patients should be included among these subjects. The significance of 
many of the above manifestations will only be revealed by genetic study 
and interpretation of individual persanalitie&. Yet objective controls 
need not be wholly abrogated; the ‘longitudinal’ approach of the Toronto 
investigators (88, 89), and V. V. Anderson's 40) work in a department store 
are instances of a synthesis of psychiatry with psychometrics. 

The statistical, ‘horizontal’ approach (or as Lewin à) would call it— 
the ‘phenotypic’ approach) is much more limited, in spite of its superior 
scientific standing. Probably its main function is to confirm conclusions 
obtained by other means; it is doubtful whether it contains in itself any 
possibilities of progress. At the present moment statistical methods in 
personality are wedded to tests, and to the search for practically useful 
results. But the investigator of personality would do well to ignore the 
practical applications of his work for the time being, and to discard the 
test altogether. For a subject’s score on a test represents simply a sample 
of his behaviour, which may or may not possess predictive value for 
future behaviour. If this sample is taken from too elementary a level 
of expression, then it probably measures nothing beyond itself. If it is 
taken from a higher level, it usually has to be abstracted from its 
meaningful context, or subjected to artificial conditions, in order to be 
turned into a quantitative cipher. The experimentalist should therefore 
try to record samples of behaviour under the natural conditions of real 
life. 

Here Burt’s method, mentioned above, is a valuable starting-point. 
But it could be developed in several respects. First, more elaborate 
situations, such as those devised by Henning(41) in his Zweipersonen 
Experimente, should be arranged in order to elicit more significant re- 
sponses. Secondly, greater objectivity might be achieved by adopting 
the admirable observational techniques of Goodenough (42), Thomas (43); 
and others. Thirdly, follow-up studies should be instituted for deter- 
mining the validity of the experimenter’s predictions and judgments. 
Fourthly, the method should be extended for use on adults, also on 
animals (whose personalities have seldom been systematically studied). 

` In the list of English contributions (Section уп), Spearman's statis- 
tical techniques were omitted because their applicability to the complex 
affective functions of personality has not yet been demonstrated (cf. (13), 
Chaps. тї and v). But they would be of great value in the field of opinions, 
attitudes and interests. The organization of peoples' attitudes to so- 
cialism, nationalism, religion, morals, art and science, might well be 
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examined through factorial analysis. More important still would be a 
statistical study of the biosocial aspects of traits and personality types. 
For example, Webb's investigation with ratings and Cattell’s recent 
extension of it(44) should be regarded as studies, not of the traits of the 
people who were rated, but of the ideas of the traits in the minds of the 
raters, and of the various interconnections between these ideas. Per- 
sonality is double-sided; it depends upon the behaviour of the persons 
who are observed, and upon interpretations of this behaviour by their 
observers. Both aspects require exploration. 

This sketch of future possibilities is necessarily very incomplete. 
For instance, no mention has been made of the storehouse of generaliza- 
tions about personality contained in proverbs, folklore and literature. 
Apart from the matching method, the concept of levels of expression, 
and the factor analysis of opinion, we have dealt mainly with the investi- 
‘gation of individual differences. We should not forget that the latter is 
not an end, but only & means to the establishment of general laws about 
human nature. 
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I. Іхтворостом. 


HERETOFORE the class of mental defectives who are in this country 
included in the group of idiots and imbeciles have not been studied to any 
extent from the psychological point of view. It may be argued from the 
administrative standpoint that there is no particular point in such an 
investigation since these low-grade cases must in any сазе be confined in 
institutions and can never hope to fend for themselves in the community. 
Nevertheless, it does seem possible that if some series of tests could be 
found whereby such cases could be grouped and classified, light might be 
thrown on certain problems. For example, do the idiots and imbeciles 
form an intermediate series between the intelligence of the chimpanzee 
and that of the feeble-minded who lead up to the normal? Is there a 
definite correspondence between the general intelligence and abilities of 
these low-grade idiots and imbeciles and those of the young pre-school 
child, 4.e. can they do the same sort of tests in the same sort of way? The 
answers to these questions are of importance from several points of view. 
It is sometimes suggested that the low-grade defective is a being apart 
from the rest of the human race and almost represents a different 
species. But against this, it is reasonably well established that while the 
brains of the idiot and imbecile class are microscopically distinguishable 


1 This investigation was carried out as part of the research activities at Stoke Park 
Colony under the general direction of Professor R. J. А. Berry. 
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from those of the anthropoids on the one hand and from the normal man 
on the other, this difference is rather one of quantity than of quality. 
That is to say, that though the number and complexity of neurones in 
the imbecile brain is greater than that in the chimpanzee brain, but less 
than that in the adult human brain, the general architectural arrangement 
of all three is definitely comparable. There is less convincing evidence 
that there is a corresponding though less marked difference between the 
brain of the feeble-minded and that of the normal adult, and some refuse 
to admit that there is any such difference. While it may be agreed that 
the direct evidence is less complete for the very good reason that the 
slighter and more subtle differences are more difficult to demonstrate, 
there is a certain amount of this direct evidence and a great deal of 
indirect evidence. Anatomically, therefore, the series from anthropoid to 
normal human brain does not appear to be broken. If it can be shown 
that the mental abilities of the low-grade cases show a definite unbroken 
chain with those of the feeble-minded, dull and backward, and normal, it 
is justifiable to infer that there is no essential difference either in brain or 
mind between the various grades of defectives; and also it might be 
possible to demonstrate by further work that these low-grade defectives 
constitute a psychological missing link between the mentality of the 
great apes and that of the normal human being. 

The other problem which requires a good deal of further investigation 
is the difference of behaviour between defectives and children of corre- 
sponding mental age. If the general intelligence and mental abilities are 
similar, it is legitimate to infer that the differences of behaviour are due 
to differences of physical rather than of mental growth. The greatest 
discrepancy of physical development will naturally be found in the low- 
grade cases, and at the same time, the behaviour being simpler will be 
easier to study and to assess and compare with that of the normal child. 
It is hoped later to study this subject, but before this can be done, it is 
necessary to discover whether the abilities of these low-grade cases 
really correspond to those of the pre-school child. 1% is the purpose of the 
present investigation to throw some light on this problem. 

The Binet tests or their modifications are now fairly generally 
accepted as being a reliable guide to the abilities both of the normal child 
and of the feeble-minded, and from a study of very numerous cases of both 
it is found that the feeble-minded abilities and methods of approaching 
problems do correspond to those of children of corresponding mental age. 

Although the Terman scale begins for the age of 3, it is the opinion of 
most investigators that it is not specially suited for the pre-school child, 
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and it has also been shown that it is not easily applied to the imbecile and 
idiot class. So far as the pre-school child is concerned, the battery of 
tests which seems most satisfactory and has been most successfully 
standardized is the Merrill-Palmer scale. The present paper deals with 
the application by Miss M. Havers of this scale to 254 mental defectives 
of the imbecile and idiot class. The scale starts with tests suitable for the 
mental age of 1$ years (18 months) and ranges to those suitable for the 
mental age of 64 years (78 months). It was considered that the last 12 
months, t.e. 66-78 months, came well within the limit of reliability of the 
Terman revision of the Binet scale, which is used at Stoke Park Colony 
for the higher-grade defectives along with the Porteus maze tests. 
Fifty-four cases who came out on the Merrill-Palmer scale between 66 
and 78 months were tested by Misses West and Bergman on the Terman 
and Porteus scales and the results correlated, to determine whether the 
results of the Merrill-Palmer tests could be properly compared with those 
of the Terman-Porteus tests. 


П. Toe MERRILL-PALMER SOALE OF TESTS. 


It is neither possible nor necessary to give a detailed description of 
this battery of tests here, since this can be found in full m Dr Rachel 
Stutsman’s book Mental Measurement of Pre-school Children. Suffice it to 
say that the battery was compiled after trying out 79 tests proposed by 
various authorities, of which 38 were selected as being specially suitable 
for use with the child of pre-school age. These were then standardized 
with a large number of children in the Merrill-Palmer school. It is the 
object of all intelligence tests to present a scattered group of tests for 
various abilities so that inequalities in the individual may be evened out 
over the whole battery of tests. So far as individual testing is concerned, 
this is of course desirable and indeed necessary, but when considering a 
group it makes it difficult to pick out that group’s ability in any given 
direction, and this may become practically impossible with such a com- 
plex battery as that of the Terman scale. In the Merrill-Palmer scale, 
however, while the principle of scattering is maintained, the relative 
simplicity of the tests makes it possible to group them more easily, and 
they in fact divide themselves into four sections: 


(1) All or none tests—obeying simple commands. 
(2) Language or action agent tests. 

(3) Tests of motor co-ordination. 

(4) Form boards and picture tests. 
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The battery consists of 93 tests arranged from 1 to 93 in order of difficulty. 
We find that the first group—obeying simple commands—is the easiest 
for the standard normal pre-school child. This is computed as follows: 

There are 18 tests of this group and we find that these are placed in 
the total scale as follows: 

1, 2, 3, 6, 7, 10, 11, 13, 17, 20, 23, 34, 35, 37, 54, 56, 82, 87. 

If these numbers are added together and divided by 18 we get an arith- 
metical mean. This figure for group 1 is 28-8; for group 2 in which there 
are 12 tests it is 38-7; for group З m which there are 33 tests 46-2; and for 
: group 4 in which there are 30 tests 63-6. For normal pre-school children, 
therefore, the relative expectation of difficulty of the four groups of tests 
is roughly (for the numbers of tests are too small to make an exact com- 
parison) 28-8, 38-7, 46-2, 63-6, taking 1 as the easiest test and 93 as the 
most difficult. How the defectives compare in this respect will be seen 
below. š 
Group 1. The all or none tests—obeying of direct commands. 


These consist of simple commands such as: Move this box from the 
table and put it on the chair; Throw me this ball; Cross your feet; Stand 
on one foot: up to more difficult ones, such as: Copying a circle, copying 
a cross and copying a star. Each test demands a simple performance 
which involves a certain amount of spatial discrimination and manipula- 
tion, but a minimal use of language symbols. 


Group 2. The language or action agent tests. 


These involve the attachment of meaning to words and recognition of 
words. Thus questions are asked, as for example: What bites? What 
boils? What roars? etc. Then more difficult questions, such as: What does 
a kittie say? What is your name? What is this (chair) for? Finally 
repetition of words and word groups. 


Group 3. Tests of motor co-ordination. 


These consist in fitting pegs into holes—fitting cubes into a box— 
doing up buttons—building a tower of graduated blocks—building 
pyramids of blocks, ete. 

They involve a certain amount of spatial manipulation and discrimi- 
nation combined with some degree of motor co-ordination, that is to say, 
discrimination and integration of movements which involves activity at а 
cortical level. 
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Group 4. Form boards and picture tests. 


These consist in setting cut-out shapes or pictures into corresponding 
cavities in a board (Seguin Form Board, Mare and Foal test); or building 
up parts into a whole (Manikin test, picture puzzles); or matching pictures 
of simple objects (Decroly matching game). They involve spatial disorimi- 
nation and manipulation of a more complex form and some motor co- 
ordination. 


ПІ. THE FINDINGS OF THE APPLICATION OF THE Mrrrini-PaALMER 
SCALE TO LOW-GRADE MENTAL DEFECTIVES AND ITS CORRELATION 
WITH THE TERMAN AND PORTEUS TESTS. 


254 mental defectives of both sexes and all ages over 8 (i.e. definitely 
above the maximum mental age for which the scale was devised) of the 
imbecile and idiot grades, were subjected to the Merrill-Palmer scale of 
teste. The following table represents the scoring. All those over.16 were 


counted as adults. 


18-30 30—42 42—54 54-66 66-78 . ` 
months months months months months Totals 


Age —— 
M. F. M. F. M. F. M. F. M. F. M. F. 
Adult 3 1 15 23 1 9 16 14 25 46 70 93 163 
15-16 — — 1 3 == = — 1 1 1 2 6 7 
14-15 — 1 — 4 — 2 — 8 2 2 2 12 14 
13-14 — — — 2 — 1 — 2 — 2 — 7 7 
12-13 2 — 2 1 1, 2 2 2 2 3 9 8 17 
11-12 — — 3 3 2 1 1 — 2 b 8 9 17 
10-11 — I 3 2 1 2 — — 1 5 5 10 15 
9-10 1 — 1 — — — 1 — 2 — 5 — 5 
8—9 1 — 3 3 1 — — — 1 — 6 3 9 
"Totals 7 3 28 4l 16 17 20 22 36 64 107 147 254 


It may be mentioned that these cases were in no way specially: 
selected, but were simply the low-grade cases as they occurred in the 
course of routine testing. It will therefore be seen that they come well 
within the limits of the scale, the majority ranging towards the higher 
limits of the tests. 

Fifty-four cases which tested out at 66-78 months on the Merrill- 
Palmer scale were also tested on the Terman revision of the Binet tests 
and on the Porteus tests. 


Correlation coefficients were worked out between: : 

(1) The Merrill-Palmer scores and the Terman scores. 

(2) The Merrill-Palmer scores and the Porteus scores. 

(3) The Merrill-Palmer scores and the combined Terman-Porteus 
scores. 

(4) The Terman scores and the Porteus scores. 
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The correlations were obtained from the formula: 


RU — Cr. Cy m 
02.09 
where X and Y are the two variables and R is the Somalia coefficient: 
between them, 
ox = the standard deviation of the X's around their true mean, 
oy = the standard deviation of the Y's around their true mean, 
Cz — the difference between the arbitrary mean and the true 
mean of the X values, 
Cy — the difference between the arbitrary mean and true mean of 
the Y values, 
жу = the mean product deviations around the arbitrary means of 
X and Y. 


In the nature of the case high correlations are not to be expeoted because 
the scores cannot be regarded as exact since they depend on so many 
variables. The correlation coefficients are in fact low, but yet are of some 
significance. | 

The group under discussion which is artificially restricted by choice 
in the Merrill-Palmer series shows quite considerable deviations in the 
Terman series. On the other hand the combined Terman-Porteus series 
shows rather less deviation, indicating that the deviations of the two tests 
tend to cancel each other out. The Terman test is of course much less 
definitely a performance test than is the Porteus test, and the above 
observation tends to show that the combination of the two is a useful 
record, since power of pure spatial manipulation (Porteus test) can be 
placed against the power of verbal manipulation (Terman tests) and the 
score evened out. It was held in a former paper) that spatial manipula- 
tion is as important as verbal manipulation. The nature of spatial mani- 
pulation as the basis of all language activity was discussed, and it was 
argued that the power of spatial manipulation is actually more funda- 
mental than verbal manipulation. 

The correlation coefficients were as follows: 


Merrill-Palmer scores to combined Terman-Porteus scores 0-318 


Merrill-Palmer scores to Terman scores... wee ss 0-301 
Merrill-Palmer scores to Porteus scores  ... as wad 0-093 
Terman scores to Porteus scores... . 0-180 


N.B. Porteus correlations with Ton tests for EN and girls of 
various ages range from'0-24 to 0-75, the higher correlation tending to 
occur in the higher age groups (2). К . 

12-2 
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From this it appears that although the correlations are by no means 
high, the correlation of Merrill-Palmer with combined Terman-Porteus 
Scores or with Terman scores compares very favourably with the correla- 
tion of Terman scores with Porteus scores at this age, 66—78 months, and 
is of sufficient significance to suggest that the Merrill-Palmer scale and 
the Terman scale, or better still the combined Terman-Porteus scale, may 
be regarded as a continuous series for mental defectives, and that a 
comparable Intelligence Quotient may be estimated for all grades of 
defectives using the Merrill-Palmer tests for the low grades and the 
Terman tests for the higher-grade cages. 


IV. Tux PERFORMANCE OF MENTAL DEFECTIVES IN THE SEPARATE 
GROUPS ок THE MERRILL-PALMER TESTS. 


In order to discover how the defectives performed in the four groups 
of the teste, the following procedure was adopted. It should be re- 
membered that there are 93 individual tests in the Merrill-Palmer scale, 
and these are divided as follows: 


18 in the first group (direct commands), 
12 in the second (language), 

83 in the third (motor co-ordination), and 
30 in the fourth (puzzles), 


во that а subject who scored a maximum would score 18, 12, 33 and 30 m 
the four groups respectively, and these may be described by the fractions, 
18.13.83 and #9. Similarly if the total score in a given case is 51, we may 
show the group scores in the same way, thus, for example, 4$, 1, $2, ёг. 
This means that this subject scored 18 out of 18 in the first group, 7 out 
of 12 in the second, 23 out of 33 m the third, and 3 out of 30 in the fourth, 
and his total score is 51 out of 93. All the cases were scored in this way, 
and then reduced to & common basis by the following formula: 

Possible total score is 93. 

Possible group scores are 18, 12, 33, 30. 

If total individual score is z, and individual group scores are a, b, c, d, 
then the coefficient of 1 is: 

ах 93 02х93 cx93 dx 93 
182 ' 12272, 33% ” 302 ` 
This in the example given above would be: 
z=61,  6—18, b=7, с= 28, d=3, 


18 x 93 =1:8, T x 93 — 1-06, 23 x 93 — 1:27, ON NU > 0-18. 
18 х 51 





33 x 51 
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These figures, 1-8, 1-06, 1-27 and 0-18; give a measure of the comparative 
ability of this individualin the four groups of the test. It can be seen that 
this particular defective girl had no difficulty in performing direct 
commands (group 1), much more difficulty in language teste (group 2), 
less difficulty again in motor co-ordination tests (group 3), but very 
great difficulty again in the puzzle tests (group 4). It should be noted 
that these figures express comparisons with each other and have no 
absolute value, d.e. the score 1:8 in the first group does not imply a 
supernormal ability, but that her abiiy i in group 1 is to her ability in 
group 4 as 1-8 is to 0:18. 

If we take one other example at random whose total score is 60, we 
find that the coefficients are 1:50, 1:50, 1:19, and 0:26. Again there was 
great difficulty in group 4, equal facility in direct command tests and 
language tests, but less faciliby in motor co-ordination tests. Although 
the whole 254 were worked out in'this way, to give the tabulated figures 
for them all would obviously be tedious and confusing, and the best way 
to display the relative abilities in the four groups seemed to be to find the 
true mean in each group for the-whole 254 cases. The figures of true mean 
and probable error for these groups are aa follows: 


Group 1 (direct commands): true mean 1-292, probable error 0:033. 
Group 2 (language): true mean 0-93, probable error 0-011. 

Group 3 (motor co-ordination) : true mean 1-099, probable error 0-013. | 
Group 4 (puzzles): true mean 0-740, probable error 0-024. 


Since the probable errors are in all cases small, it may be taken that 
the figures are sufficiently reliable. Had the figures of the true mean in 
all cases been 1-0 it would have meant that this group of 254 defectives 
showed equal facilities in the four groups of tests. As it has turned out, 
they show considerably greater facility in obeying direct commands 
(group 1) involving simpler spatial manipulation than in any of the other 
tests, without the intervention of any complex symbolic formulation and 
expression (1.¢. language) (cf. Head (8)). Next in order of facility come the 
tests of motor co-ordination (group 3) which do not involve any complex 
symbolism or other intellectual intervention, but a certain degree of 
spatial manipulation and discrimination. Then slightly below the ex- 
pectation (group 2) are the language tests which definitely require what 
Head calls symbolic formulation and expression. Finally, the puzzle 
group (group 4) is on the whole badly done, involving as it does much 
more complex spatial discrimination and manipulation, and some 
symbolic formulation and expression. If it is correct to assume that 
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spatial discrimination and manipulation is the basis of language and of 
the higher intellectual faculties generally, then the groups of tests in 
order 1, 3, 2, and 4 represent increasing complexity of this, and the 
abilities shown in them by these low-grade defectives show the expected 
variability. This agrees with our findings in other experiments on this 
type of case in relation to spatial manipulation and discrimination (1). 

While the defectives, therefore, do perform the tests in the same sort 
of way as do the normals, language falls from the second to the third place 
in difficulty. In certain of the other tests referred to (1), it was found that 
once language was mastered, t.e. in the high-grade cases, simple verbal 
formulations were easier than spatial formulations, and it is to be 
presumed from the present results that on the whole the normal pre- 
school child attains a better command of verbal formulations than does 
the defective of corresponding mental age. 


(1) Gordon, R. G. and Norman, R. М. (1932). Brit. J. Psychol. ххш; 20, 85. 

(2) Burry, R. J. and Ровтиов, S. D. (1920). Intelligence and Social Valuation, p. 74. 
'... New Jersey: Vineland Training School. 

(3) Hran, Н. (1923). “Aphasia.” Brain, хгут, 404. 
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FACTORIAL ANALYSIS AND ITS RELATIONSHIP 
TO PSYCHOLOGICAL METHOD. 


By W. LINE. 
(From the University of Toronto.) 


Current literature indicates a widespread interest in factorial analysis 
applied to human abilities. Among the writers who are contributing 
most to this field, an encouraging degree of harmony and co-operative 
advance is manifest; and spirited discussion adds zest to the searching 
enquiries being prosecuted along promising and vital lines. Occasionally, 
however, a note of partisanship, of hostility to one or other formulation, 
creeps in; and, as is usual in such cases, misunderstanding is likely to 
enter, since non-essentials are transformed into basic points of difference, 
and fundamental issues become clouded. 

A major source of confusion lies in the failure to distinguish between 
scientific method, and the techniques employed by scientific procedure. 
This constitutes a serious hindrance to progress in any field; and its 
influence is felt particularly in psychology. Accordingly the time seems 
opportune for its careful consideration, with especial reference to the 
study of individual differences. 

The term ‘scientific method’ (as used in contra-distinction to ‘tech- 
nique’) always refers to the universal and basic aspects of enquiry. More 
particularly, it denotes the working approach to a field of search whereby 
that field is marked off from ‘others. By thus converting the general 
definition of a branch of science into one that is sufficiently precise for 
practical purposes, it indicates the problems it will attempt to illuminate, 
at the same time excluding all others from its purview. The techniques it 
will employ depend upon this preliminary decision as to method, and are 
therefore secondary to it from a systematic point of view. They are 
devised or chosen as means to reliable observation of phenomena; but 
the phenomena themselves are patterned according to the method. 
Consequently it follows that techniques have little or no definite meaning 
apart from their methodological origins; and hence these latter must be 
thoroughly appreciated before the techniques can be evaluated or criti- 
cized. 
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Once this fundamental distinction is recognized, a number of corol- 
laries become clear. In regard to our present problem, the most important 
of these are: 

(a) Psychological method must be determined prior to the selection of 
techniques adequate to its purpose. 

(b) The method must be of such a nature that it is pertinent to the 
problems to be investigated. It can be shown that these problems always 
originate in a practical (social or personal) interest, and hence reflect 
the general social philosophy of the time, and the relation of the in- 
dividual scientists thereto. 

(c) The method must be adopted throughout with onda This 
does not prevent an individual scientist from investigating along the 
lines of several quite distinct approaches; nor does it prevent him, in his 
applications of scientific findings, from drawing on different branches of 
science or widely. divergent psychologies for results that may be pertinent 
to various aspects of his practical interests. But it does mean that 
scientific research at any one time must be systematically pure, in that it 
adheres to one method. It is in this latter sense that the term ‘con- 
sistency’ is here intended. Only thus can a true ‘system’ of investigation 
result. 

(d) The method should offer a system of research that is compre- 
hensive. This means two things, and therefore offers a twofold possi- 
bility of critical evaluation. First, we may ask whether any given scien- 
tific approach promises a comprehensive survey of the problems and 
interests from which it originated. Secondly, does the method make 
possible a survey of the field that is logically complete, as against a 
haphazard series of discoveries that seem to have no necessary inter- 
connection? If the latter is true, the direction of the enquiry is obviously 
at the mercy of chance to a large extent, and the results will consequently 
be lacking in form. 

Let us now consider these principles as they apply to psychological 
approaches involving the techniques of factorial analysis. Since these 
techniques were first devised and employed by Spearman, we may take 
his contribution as an example. 

The salient feature of Spearman’s work is that his primary interest is 
the psychological study of behaviour. Now ‘behaviour’ becomes 
specifically defined when methodology puts its stamp upon it. For 
Facultism, it is one thing; for Associationism, another; for Behaviourism, 
yet another; and so on. Each approach attacks certain problems, con- 
cerns itself with certain phenomena; and these, growing out of a practical 
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or personal interest, themselves indicate the specific nature of the field 
that finds expression in the methodological postulates of the ‘system.’ So 
that Spearman’s view of, or approach to, the study of behaviour will 
reflect his broad interests, the problems he is desirous of solving as a 
scientist; and it is only by a thorough understanding of the resulting 
method that we can appreciate the significance of any techniques that he 
has employed. 

What, then, is Spearman’s method®? Originating in an interest in 
education broadly conceived, it demands a view of ‘behaviour’ that is 
adequate to the understanding of human development. At the very 
outset, therefore, it purposely discards mechanism. Any psychology 
founded upon mechanism or structuralism will be too narrow; for the 
‘behaviour’ of human beings, viewed in human terms, seems to extend 
beyond mechanism, movement, interaction between static atoms of 
experience or of matter. Organization, purpose, doing something, 
adjustment, and the like, must be given recognition. We must approach 
our study so as to give place to the essentially practical co-ordinations 
manifested in behaviour, including, at the same time, the main 
advantages of more limited views. It is in this comprehensiveness of 
aim that Spearman’s system embraces many narrower approaches; and 
though this is not without its dangers, since it may seem to lead to the 
systematic impurity known as eclecticiam, it is an attempt to give the 
greatest degree of synthesis to psychological diversity. Thus interpreted, 
its author is perfectly sincere and scientific in dubbing it “А School to 
End Schools” 6). 

But such a view is essentially dynamic—tfunctional in the true sense 
of that much abused word‘, The question raised is essentially that of 

1 The spurious application of statistical tools, against which the more insightfal 
statisticians warn us repeatedly (1), reflects a failure to appreciate this point. Equally 
dangerous, and growing out of similar misunderstanding, is the erroneous supposition that 
the techniques are abstract, logical beginnings; and that from the data they give, we proceed 
to psychologize according to our several prejudices. This seems to be one of the fundamental 
weakneases displayed by Tryon ((14), Introduction); and by a few statisticians, who, from 
their mathematical logic, argue concerning psychological matters without due consideration 
for the methodological implications of their arguments. 

2 The interpretation of Spearman’s method here given is an expression of the — 
writer's appreciation of that method, rather than a restatement of anything that Spearman 
himself has written. 

3 Because of ourrent misunderstanding or looseness of expression, it should be pointed 
out that the term ‘school’ does not strictly apply to the two-factor aspect of Spearman’s 
work, but rather to his psychological method. 

4 The writer has elsewhere suggested the term ‘proceas-’ аз a less equivocal substitute 
for ‘functional-’ psychology (2). Í 
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understanding the nature of ‘behaviour,’ how the individual achieves his 
goal, does this thing; and the terms ultimately used in describing develop- 
ment will be those found necessary to the description of behaviour. 
In determining what terms will reflect most clearly the dynamic nature of 
behaviour, some form of analysis must be introduced; and Spearman is 
convinced that the analysis is possible in psychological terms, provided 
that adequate techniques can be discovered. He demands that the 
dynamic nature of behaviour be preserved at all stages of the analysis— 
an ideal that earlier functionalisms have recognized but never achieved. 
So that his experimental techniques will be all the more significant to 
psychology if they. assist in satisfying this demand. 

Before proceeding to discuss the techniques themselves, we must 
examine the method in greater detail. In doing this, it will be helpful to 
remember that any method must be pertinent to the problems originat- 
ing in & practical interest. The details of the method will therefore 
depend upon or reflect the characteristics of that interest. Thus the 
demands made by formal education in the days of the Schoolmen quite 
naturally led to a facultistic view of development. As realism in educa- 
tion came to the fore, in post-renaissance days, empiricism provided the 
psychological justification for curricula units, and the necessary direction 
of teacher-training. It was much more suited than was faculty psycho- 
logy to the practical education of the many, rather than to the discipline 
of the few. When the rise of nationalism and industrialism led to mass 
education, the pragmatic simplicity of atomistic functionalism was 
equally obvious as a psychological method of search, devised to meet the 
needs of existing conditions. If we can detect, therefore, those practical 
problems behind Spearman’s method, we shall be in a position to 
appreciate more clearly the true nature of his work. 

As has been stated above, the practical interest that leads to Spear- 
man’s approach in psychology is an educational one. He is first of all 
concerned, therefore, with an understanding of what education is trying 
to do. Now the point of view of the educationist may be conveniently 
expressed by considering the special task for which schools exist. And 
here we may conveniently confine ourselves to professional education of 
the traditional type, rather than to any of the revisions offered by 
radicals and individualists. The school as a social institution exists in 
order that the abstract tools and values arising from race experience may 
be tranamitted to the present generation by short-cut methods. This 
procedure is necessary in the interests of social adjustment. It is the only 
way of ensuring the possibility of further progress in human creativity. 
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Alllearning is achievement; but the present generation must acquire the 
significant abstractions of our ancestors in order that their creations may 
go beyond the already known. In our inadequate attempts to cope with 
mass education, we may have lost sight of this purpose to some extent, 
and mere details may have become final goals. But the true aim of the 
school is to direct creativity, to present the abstractions of earlier thinkers 
in a setting where they may be immediately grasped, so that man’s 
enjoyment of creation may take place at still higher levels. 

Thus defined, there may appear to be an undue stress upon intellectual 
attainments, to the detriment of personality development, emotional 
stability, mental well-being. As a working definition of field in educa- 
tion, however, it serves a very useful purpose, and assists in directing 
the educator’s orientation to problems of development. Intellectual ' 
creativity cannot go on to its fullest extent unless other aspects of human 
growth are adequately maintained; so that indirectly he is interested in 
them also. Still, he will ask, how do these less easily defined phases 
become trained? And the answer seems to be, that they develop in pro- 
portion as intellectual insight progresses. We do not train the emotions ` 
directly, but only ensure their adequate functioning in an intelligent 
scheme of behaviour. Any lack of personal balance represents inefficiency 
of intellect, so that educational methods should do no harm to personality 
growth; and the educator must be able to diagnose personality defects, 
for these hamper his progress along the lines of his special task. Con- 
sequently, disparity between achievement and basic intellectuality is of 
special concern to him; and the manner of diagnosing and interpreting 
such disparity is all-important in insightful education. But the central 
feature of his task is the fostering of intellectual progress. 

In an educational outlook of this kind, mechanistic psychologies are 
somewhat out of place. There appears to be a need for portraying the 
dynamics of man’s creativity, the basic processes of thought, and the 
laws governing their working and development. Such—according to the 
present writer’s understanding of Spearman's work—is the all-important 
interest behind the doctrine of Noégenesis (10). 

In what way does this interest differ from those of other funatióndl 
psychologists? A highly significant point of difference lies in the search 
for factors which illuminate the general aspects of development. Since 
this characteristic of Spearman's method is unique, we must discuss it at 
some length, and endeavour to contrast it with multiple-factor systems 
wherein the dynamical unity of behaviour is destroyed. 

Without exception, all previous forms of functionalism have been 
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based upon arbitrary analyses. By this we mean that the criteria govern- 
ing and directing the subdivision of function have been taken from 
disciplines outside the realm of psychology. Facultism, for example, 
employed distinctions of transcendental philosophy (such as that in- 
volved in differentiating ‘perception’ from ‘thought’); Behaviourism, 
those’ of atomistic neurology; Hormic psychology, those of biological 
needs; the psychology of special abilities (including such very detailed 
varieties of this es Thorndike’s earlier formulation), those of education; 
and so on. Whenever this artificiality permeates the analysis of function, 
structural analogies are sought to justify the subdivision; and the 
dynamics of function ате lost sight of thereby. Further, the organism it- 
self has become a bundle of independent units; so that the problem of 
integration is very real, but insoluble, since it involves dynamics of 
another order—namely, cross-function, synthesis, co-ordination. Statis- 
tically, too, the question of ‘functional unities’ is raised; but since that 
arises more concretely after the requisite techniques are employed in 8 
systematic setting, we may pass it by for the present. We should note, 
however, that all these problems grow out of functional analysis directed 
by arbitrary, non-psychological criteria. They must be very carefully 
considered by those who are ‘biased’ in favour of multiple-factors! as 
a basis for building up an understanding of behaviour. 

As against the a priori analyses above illustrated, Spearman’s method 
starts with unified, integrated, organismic behaviour, and endeavours to 
preserve that unity throughout. Any analysis that takes place must be 
directed by the techniques of experiment, and must lead to more in- 
sightful understanding of behaviour in psychological terms. Despite the 
fact, therefore, that Spearman: arrives at a multiple-factor view of 
functioning, his formulation is the antithesis of what is usually intended 
by the term ‘multiple-factor theory’; for, in his system, the sole basic 
functional factor is g, from which we derive our fundamental dynamic 
processes. 

The contention made in the last paragraph is extremely significant in 
that it recognizes the unique nature of Spearman’s approach; and we shall 
return to its substantiation later. At this point we must note some other 
defects of previous functionalisms; for, by seeing how they are avoided 
by the London school, we shall better be able to appreciate the scope of 
the method under consideration. 

In discarding the ‘mind’ of the facultists, psychology became ex- 
tremely analytical. Structuralism viewed development in terms of 


1 To the writer, Tryon’s articles (13, 14) illustrate this point very clearly. 
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increasingly refined units, assimilated in the experience of the individual; 
and the principal condition necessary to effective assimilation was 
contiguity, with its subordinates, frequency, recency, intensity and the 
like. When functionalism returned, the analytical damage was done. 
Mind, replaced by mental states, now became a manifold of functions. 
These were innate, as were the faculties; like them they were strengthened 
by exercise. But their simplicity as depicted by the stimulus-response. 
terminology seemed to be sufficient without any teleological implication. 
A mechanistic facultism, infinitely pluralistic, had arrived. With those 
tefusing such a reduction of human nature to mechanical motion, pur- 
posivism lived on in the instinct-faculties; and with mechanists, the same 
pseudo-mentalism persisted in the subsidiary terms of the system. Thus 
Thorndike insisted upon ‘conduction units,’ upon ‘right’ responses as 
being significant in determining satisfaction; and Watson spoke glibly 
of adjustment, organized behaviour, and the like. Inconsistencies of this 
kind inevitably occur when behaviour acts (as dynamic wholes) are 
described in terms of part-functions. 

One further weakness in multiple-factor functionalisms must be noted. 
They invariably involve ‘exercise’ or ‘growth’ as their basic principles of 
development. Structuralism was more sound here; for growth was not 
basic, but merely indicative of development conceived as a summation of 
experiences, and ‘frequency’ was not interpreted as ‘repetition,’ save of 
the conditions of experience. With functionalism, however, development 
has hitherto been explained by ‘exercise’ of function (where practice 
seems to be concomitant with progressive change in function), or by 
‘maturation’ (if practice seems to have no effect, and yet progressive 
change occurs). But these terms are meaningless for science. Whenever 
they occur in scientific discussion, they are descriptive summaries of 
events really viewed and recorded in terms of the fundamental concepts 
of the discipline in question. Biological sciences do not tolerate them in 
any other sense. Yet functional psychologies have accepted them as 
‘principles’ of development—unquestioned analogies, grossly mis- 
applied @)—without any attempt to describe the effects of exercise, or of 
growth, in psychological terms. Further analogies (bonds, traces, etc.)— 
all implying a substantive mind as a storehouse, a tabula rasa or nervous 
system—have been dragged in; and ‘practice’ and ‘exercise’ have 
tended to become synonymous. It is true that in recent years some 
writers, notably those of the Berlin Gestalt school, have seen the fallacy 
of this latter presumed identity. But even then, physical structure has 
supplied the main clue for explaining what activity does by way of 
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changing the organism. Especially in American versions of Gestalt, 
organization has become linked with neural patterning. In fact, it is only 
recently that we have sought evidence to prove the obvious—namely, 
that exercise has no effect as exercise, but only by permitting change of 
process 8). Such, again, is the penalty we pay for going outside our field 
for basic distinctions within that field. Multiple-factor theories must 
certainly pause, before giving rein to their bias towards indiscriminate 
analysis. А К . 

We are now in a position to see how Spearman avoids the defects above 
discussed. Starting with behaviour—unanalysed, purposive, dynamic— 
he evaluates different behaviour acts in such a way as to show relation- 
ships between them. This involves the techniques which he has devised 
for demonstrating partial identities”). Finding an unquestionable 
relationship symbolized by g, he proceeds to experiment with a view to 
interpreting that relationship functianally. It matters not, for his 
system, whether g may be viewed as a manifold (by other approaches) or 
as an entity. For'his system, g is g, and not an indefinite average-of- 
capacities. The resulting principles of noégenesis, as a process-interpreta- 
tion of this relationship, are basic indications of creative functioning, 
truly scientific in their simplicity, and capable of experimental demon- 
stration. Incidentally these principles not only assist our understanding 
of the real nature of human creativeness, but also give us the fundamental 
' concepts necessary to the scientific use of the terms ‘exercise’ and 
‘growth’ 2)*. 


1 The concept ‘growth’ can hardly be dismissed in so cursory a manner, yet it is a 
difficult one to discuss without going very far afield. The writer’s position in regard to it may 
be made more clear by the following brief note: 

There is an interesting parallel between the evolution of philosophic concepts and the 
genesis of concepta in children, a parallel that is very pertinent here. Especially 1s this true 
with regard to the early Greeks. It is doubtful ifthe statio connotation given by Aristotle 
to the ‘primordial substance, ‘beginning,’ as viewed by the earliest cosmologiste, really 
represents the true meaning of the philosophies in question. Rather does it appear that 
early philosophic consciousness apprehended an essentially dynamio totality, purposefully 
organized and ordered within itself, and known to them not as substance, but as becoming. 
The fact that ‘time’ is the earliest concept would substantiate this. So with the’ child. 
Modern psychology now views his experience as apprehended direotly in dynamio characters. 
To exprees dynamics in language, however, is almost impossible, at least without a great 
deal of circumlocution; for language is iteelf structured as crystallized concepts having a 
definitely statio appearance. Thought thus proceeds to seize upon aspects of tho directly 
apprehended dynamio, and uses these as the terms most convenient for expreasion. In the 
process, dynamics are temporarily lost, and have to be replaced by new. terms. 

Psychology reflects this difficulty very clearly. The growth proceas is understood in that 
it is indefinitely apprehended in experience. But to understand it further, we struoturalize 
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In these principles, the term ‘relations’ plays а dominant rôle. Now 
relations may be classified in various ways. A logical classification may 
serve to guide certain forms of experimentation, since by logic we may 
ensure quite arbitrarily that all possible relations are taken care of by 
our system of classification. Such a system Spearman gives us (8); and he 
uses that system to corroborate his interpretation of g(9) For other 
purposes, a totally different form of classification may be necessary; but 
always the need for comprehensiveness must be kept in mind. 

Let us carry this point further, and see how Spearman is able to 
discover other factors without destroying organismic unity, and without 
violating the scientifio demand for comprehensiveness. We have noted 
that g—a qualitative relationship between behaviour acts—becomes 
functionally meaningful in the doctrine of noégenesis. But every mani- 
festation of function is an event, and therefore involves a specific aspect. 
This fact is symbolized by the s factors. If our interpretation of this 
system is right, these ‘factors’ are not to be regarded as specific functions, 
but rather as particular directions of function involving further possi- 
bilities of individual differences. They represent the degree of cognitive 
organization! already achieved relative to the manifestations of dynamics 
in question; and in tests of g this organization is largely confined to the 
fundaments ‘between which critical relations must be educed. But even 
though the s's are not functional factors themselves, they offer the 
possibility of indicating directional interrelationships in behaviour that 
lie at the root of achievements in particular fields of behaviour. The 


it by discussing different ‘stages.’ These have no real right to the self-sufficiency they thus 
take on, since they are but the product of the ‘before,’ and the cause of the ‘after.’ In this 
cross-sectioning, Associationism analysed the ‘stage’ into atoms, and worried about the 
geneais of a cross-sectional pattern, the unity of phenomena, and the cumulative storage of 
atoms in memory. Gestaltpsychologie stresses the organization of phenomena as Бало to 
experience, thus avoiding atomism; but in stressing also the unity of experience in time 
(longitudinally viewed, as we say) it rehes to a large extent upon the concept of maturation. 
Our plea here is that while growth is undoubtedly a basic concept in philosophy, and is 
prior to the analyses of science which further depict growth, the method of science is such 
that some form of analysis is inevitable in making the term useful. Psychology has used it 
natvely, and has not borne its philosophic priority in mind; and we here argue for a dynamio 
view of growth that avoids the static atomism of Associationiam, and the unexamined 
maturation of Gestalt, yet which represents the process of growth by clearly apprehended 
processes. Spearman’s doctrine of noegenesis seems to have achieved this to a much more 
satisfying degree than has any other system. 

1 ‘Organization’ does not here imply neural, structural bases. It is intended as it would 
be depictéd by the dynamio laws of noégenesis. Oonceptions of ‘memory’ in terms of 
traces, neural patternings, mental storehouse, and the like, are not necessary in the system 
here under consideration. (For the more careful elaboration of this point, see (2).) 
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group factors, in other words, reflect aspects of personal development that 
constitute significant conditions of function. 

How can these aspects be surveyed comprehensively? They may be 
found in various behaviour settings—settings defined or classified 
according to non-psychological criteria. Education has suggested 
‘special ability’ classes, which have not been very fruitful for directing 
research of this kind. That an ‘arithmetical’ group factor seems to exist 
` under certain conditions, is only an interesting demonstration of the 
group-factor technique. Spearman’s classes of relations are similarly 
inadequate for our purpose, since, they are but logical conveniences 
accepted for reasons already stated. In his own work, they do not play 8 
very significant réle in the experimental survey of group relationships. 
A truly psychological scheme of classification appears to be demanded; 
and by that we imply a scheme in harmony with the postulates of the 
method that is adopted from the outset. The writer has elsewhere 
° suggested certain of the major lines of such a scheme @), and has indicated 
the relation thereto of Spearman’s factors other than g. Throughout, it 
should be emphasized that the one basic functional factor is g, from which 
we derive our fundamental dynamic processes; the other ‘factors’ are of a 
different order, since they indicate organismic conditions of function. 

Factorial analysis may therefore be conducted as а technique within 
a psychological method, in such a way that functional unity and in- 
tegration may never be destroyed. Spearman’s multiple factors can never 
be multiple functions; and those that indicate directional interrelation- 
ships are merely designed to depict the particular plan of integration 
manifested in the individual. Carried forward along the lines of & com- 
prehensive psychological scheme, this latter aspect avoids all those 
limitations of atomism that we have noted above. Particularly does it 
make possible that degree of systematic consistency demanded by our 
original postulates (see p. 188)?. 

1 The inconsistency of multiple-factor views, statistically fostered or otherwise, has 
been noted above, particularly in connection with problems of synthesis and integration 
(see p. 193). At this point we may add that so long as Thorndike adheres to his original 
approach to behaviour, the question of interrelationahip between bond-efficiencies can never 
come within the purview of his psychology. The postulates of his system quite definitely 
exclude this question; for they are designed to direct our understanding towards the con- , 
ditions under which efficiency may be increased, and do not in any way contribute to the 
systematio analysis of function. (This latter point is particularly obvious when we note that 
Thorndike's hypothesis of manifold S—R umts was arrived at a priori, and as в convenient 
formula for systematizing his studies of efficient conditions of function.) If, therefore, he 


accepts the validity of g, or of any analogous relationship, as he seems now inclined to do (12), 
he must in this respect be thinking in terms of о totally different system from that which 
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In conclusion we would reiterate that since factorial analysis involves 
techniques employed by different psychological methods, the methods 
themselves must be understood before the findings of the techniques can 
be appreciated. Spearman's approach is not a functional atomism; that 
usually intended by advocates of multiple factors undoubtedly is, for it 
arises out of post-evolutionary analytical psychologies. This distinction is 
all-important in evaluating the critical discussions in this field. Yet itis 
frequently overlooked, with disastrous results. Many of the statistical 
techniques employed by factor-analysts are themselves dependent upon 
assumptions that place these techniques within a definite systematic 
approach}; and many of the arbitrary settings devised to prove psycho- 
logical hypotheses involve similar methodological postulates which 
vitiate the result, yet which pass unnoticed?. The only basis of true 
criticism is a rigidly systematic one, such as has been here briefly out- 
lined. 


` ` 
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I. INTRODUCTION. 


Waen the two retinas are stimulated independently, the one by a faint 
flickering light, and the other by a bright light of constant illumination, 
a phenomenon occurs which may for the purpose of the present study be 
defined as binocular perception of flicker with monocular stimulation. 
That is to say, when the flicker is above the limen of visibility for the 
stimulated eye it dominates the entire field of vision as though both 
retinas were stimulated by the flickering light. If the flicker is observed 
as a liminal experience, it will be seen to disappear and reappear in 
accordance with the law of retinal rivalry. It is this binocular phenome- 
non that is of special interest and raises a psychological problem. How 
will the perception of flicker in the present situation be affected by com- 
plicating the stimulating conditions? The object of the present experi- 
ments was to determine the effect of certain configurational factors upon 
the just perceptible binocular flicker under conditions of monocular 
stimulation. 


Н. DESCRIPTION OF APPARATUS AND PROOEDURE. 


The requirements of the experiments were fulfilled by means of the 
following apparatus and procedure. A box 42 in. square and 24 in. deep 
was divided by a partition into right and left compartments (Fig., 1). In 

1 This study was begun at Cambridge University at the suggestion of Prof. F. O. 
Bartlett and was completed at the University of Montana. 
13-2 
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the right compartment a Mazda lamp of low wattage (20 watte in one 
experiment and 15 watts in another) waa inclosed in a light-tight housing 
except for a 2-in. hole in the front partition into which was inserted the 
shutter of a photographic camera, with lenses removed. A disc with a 
14 in. opening was rotated eight times per second in front of the shutter ` 
by means of a constant speed motor. Thus eight flickers per second were 
produced in the right or flicker compartment in such a manner that the 
duration of light was 0-01 sec., while the dark interval was 0-11 seo.!. The 
left compartment was illuminated by a 200-watt lamp of constant 





Š 






E----l----^l 


Light box. L, L, Mazda lampe; R, R, В, rheostats; M, a constant speed motor; ` 


Fig. 1. 
V, V, voltmeters; MS, millimeter scale; SH, stereopticon shade and eye tubes. 


illumination. This may be referred to as the steady light compartment. 
Each lamp was on а rheostat control and was maintained at 112 volts. 
А 1-10. tube or eyepiece was inserted in the front of each compartment at 
approximately the interocular distance. The limen of flicker was obtained 
by alternately increasing and diminishing the aperture in the shutter. 
This was accomplished by means of a wire attached to the shutter and 
projecting through the side of the light box, the distance being measured 
on a millimetre scale, which was in turn calibrated in foot-candles of 
illumination on the test-patch on the back wall of the light box. 
The limen of sensitivity of flicker in these experiments was dependent 
not on the absolute intensity of the flickering light, but on the ratio of 
1 Since the critical frequency for the complete fusion of intermittent light stimulations 
and the consequent disappearance of flicker is influenced by the intensity of light (#.e. the 


lower the intensity, the lower the critical frequency) it was necessary to select a frequency 
low enough to allow for very low intensities (0-01 foot-candle on the test-patch). 
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this intensity to the intensity of the constant light, that is, in these 
experiments the ratio of z f.c. to 23-42 f.c. However, since the denominator 
of the ratio remains constant throughout the experiments, this factor 
may be ignored in the computations, and the results may be expressed in 
terms of the variablelight. Table I below gives the illumination in f.c. of 
variable, i.e. flicker lamps used in these experiments. : 


Table I. 


Constant illumination, 200-watt lamp, 23-42 f.c. 
Variable illumination 
—— 





Ге I 
25-watt lamp 15-watt lamp 
mm. f.o. .c. 
0 (open) 1100 0 578 
1 1-114 0-558 
2 1-069 0-536 
3 1-027 0-509 
4 0-984 0-494 
5 0-928 0-472 
6 0-871 0 448 
7 0 827 0431 
8 . 0-774. 0-414 
9 0-731 0-395 
10 0-683 0-376 
11 0-616 0-357 
12 0:581 0-339 
13 0-542 0-294 
14 0-503 0-267 
15 0-465 0-246 
16 0-387 0-212 
17 0-356 0 188 
18 0-302 0-161 
19 0 256 0-133 
20 0 223 0-108 - 
21 0-172 0 082 
22 0-124 0 055 
23 0 080 0-035 
24 0 040 0-018 
25 (nearly closed) 0-016 0-009 


JO. EXPERIMENTS AND RESULTS. 
(a) А preliminary survey (statistical). 


Before beginning the experiment to determine the effect of various 
configurational factors upon the limen of flicker perception i$ was thought 
desirable to make a preliminary test on unpractised observers for the 
purpose of orientating the problem and method and of revealing certain 
statistical results. 

Á single test included 100 judgments by the method of limits, 50 
judgments with fixation on the blank background and 50 with fixation 
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on a 5-in. black disc. By a judgment is meant a just perceptible flicker 
or a just not perceptible flicker. The limen of flicker under the conditions 
of the experiment is measured in terms of the f.c. of the variable light 
(in the present experiment, a 25-watt tungsten lamp). This lamp gave & 
maximum of 1-160 f.c. with the shutter open ape a minimum of 0-016 f.c. 
with the shutter nearly closed. 

The observers were given the following instructions: “Look through 
the eyepieces with both eyes open and observe that the light is flickering. 
Say ‘Off’ the moment the flicker disappears and “Од? the moment it 
reappears.” In this manner 25 observers, undergraduate students in 
psychology, took part in the preliminary test. A brief adaptation period 
of approximately 10 trials preceded each individual test. From later 
results it will appear that a much longer practice period is necessary to 
eliminate the effect of practice. 

From the results of the preliminary experiment, it appears evident 
that the perception of flicker is enhanced by the fixation of an object in 
the field of illumination. In all but ane of the 25 cases the limen was 
decreased when the black disc was fixated as compared with the limen 
when the flicker was observed against the blank background. The average 
limen when the eyes were fixated upon the uniform or blank background 
(hereafter designated as B) was 0-299. When fixating a black disc (BD) 
the average was 0-200. The average decrement was found to be 0-099, or 
&pproximately one-third. The one exception showed an increase of 
0-023. The average 8.р. for the 25 individual tests for B was 0-073 and for 
BD 0-050. The coefficient of variability is therefore seen to be 0-292 and 
0-200 respectively. 

À. comparison of the reliability of the judgments in B and BD gives 
further support to the conclusion that the fixation of an object in the 
field of illumination tends to enhance the perception of flicker, 1.e. lower 
the limen. In all but four cases the standard deviations from the in- 
dividual means are less for B.D than for B, the average decrement being 
0-022, or about 30 per cent. The standard deviation of difference between 
the means of B and BD for our 25 cases was found to be 0-030, which 
yields a critical ratio of 4-48. Thus from every point of view the statistical 
results give conclusive evidence that some factor other than the flicker 
stimulus, but in combination with the flicker, is operating, which in- 
fluences the limen of flicker perception. 


1 The black diso was out vertically into right and left halves and each half was fastened 
at the centre-of the back wall of the light box and at the level of the eyes. 
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(b) Experiments designed to determine the influence of various 
configurational factors on the perception of flicker. 

The first experiment in this series was designed to determine to what 
extent the perception of flicker is affected by the size of a stimulating 
object. A comparison was made between the 5-in. black disc of the 
previous experiment and a 9-in. black disc. Three observers, advanced 
students in experimental psychology, were given 200 trials with fixation 
on each of these two objects, by the methods employed in the previous 
experiment. The total number of trials was distributed over four days of 
50 trials for each observer on each of the two objects. Thus each observer 
made actually 400 independent judgments. It was discovered in the 
preliminary experiment that a 25-watt variable lamp was too strong for 
the actual limen to be obtained with some observers. It was decided, 
therefore, to substitute a 15-watt lamp in the present series. This lamp 
gave foot-candles ranging from 0-578 max. to 0-009 min. 

A comparison of the limens for the 5-in. black disc and the 9-in. black 
dise gives an average of 0-078 for BD, and 0-072 for BD,. Thus a gain of 
0-006 is made in favour of the larger disc which, although small, is 
consistent for the three observers and for each trial (Table ID. 


Table II. Comparison of limens due to fizating small 


and large black discs. 
5in. BD 9in. BD B 
C. 0-056 0-050 
K. 0-098 0 088 
N. 0-081 0-078 
Av. 0-078 0-072 


Next was a series of experiments designed to test the possible in- 
fluence of such factors as stimulus-pattern, plasticity, and direction of 
attention upon the perception of flicker. 

Three observers were given 200 trials with each of four objects in the 
field and also an equal number of trials with no object in the field!. These 
were distributed over four days as follows: Each day's test was an exact 
duplicate of the preliminary experiment, that is, а test included 100 
judgments by the method of limits, 50 judgments with fixation on B and 
50 on one of the four objects. The test was repeated for each of the three 
observers, on each of the four days for each of the four objects. Thus 

1 The following objecta were employed: а 5-in. black disc (BD); а 5-in. target (Т); а 
D-in. pattern of black and white bars (BP); and a figure in reversible perspective (RP) 
(see Fig. 2). 
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each observer required 16 days to complete the experiment, making 1600 
independent judgments. 

The data from these experiments are presented together in Table IV. 
From an analysis of these results it appears that the fixation of the black 








Black dise (BD) Target (T') 
Bar-pattern (BP) Reversible perspective (RP) 
Fig. 2. 


disc has the effect of lowering the limen 0-019; of the target, 0-018; of the 
bar pattern, 0-022; of the reversible perspective, 0-021 (Table III). 

It will be remembered that each separate trial consists of two in- 
dependent judgments, one when the flicker first appears and the other 
when it disappears. The foregoing results are based on the average of these 
two judgments. If the results of the two judgments are considered 
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separately it is found that the limen of disappearance is but slightly 
lower when the object is present than when the view is unobstructed by 
- an object. The average limen of disappearance for B was 0-050, while the 
average limen for the four objects (BD, T, BP, and RP) was 0-038, or a 


Table HI. 

B BD T BP RP Diff. 
C. 0-085 0-070 — — — 0-015 
K. 0-164 0-142 — — — 0-022 
N. 0-089 0-075 = = m 0014 
Av. 0-113 0-096 = — = 0-017 
0. 0-070 = 0-054 = = 0-016 
К. 0-164 е 0-138 a — 0-026 
N. 0-090 — 0-071 = — 0-019 
Av. 0:108 — 0-088 — — 0-020 
C. 0-102 = Ex. 0-086 = 0-016 
K. 0-152 24 = 0-123 = 0-029 
N. 0-092 = E 0-070 = 0-022 
Av. 0-115 — 0 093 = 0-022 
О. 0-092 = = as 0-077 0-015 
K. 0-158 = ae ЕЕ 0-137 0-021 
N. 0-083 = = zn 0-015 
Av. 0-111 = =S e = 0-004 0-017 


difference of 0-012. Table IV presents the data with regard to the point 
of disappearance of the flicker. The results show no appreciable advantage 
of any of the four objects over the blank background for the perception of 
the disappearance of flicker, although all the results are positive. 


Table IV. Threshold of disappearance. 


B BD T BP RP Diff. 

C 0-072 0 065 — = = 0:007 
K. 0-100 0-086 = = Z 0-023 
N: 0-078 0-063 — — — 0:015 
Av. 0-086 0-071 — — — 0-015 
С 0-028 . — 0-015 — — 0-013 
K. 0-083 — 0-062 — — 0-021 
0-024 — 0-016 — — 0-008 

Av 0-045 — 0-031 — — 0-014 
О. 0-032 — — 0-028 — 0-004 
K 0-069 — — 0-052 — 0-017 
N. 0-029 — — 0-013 — 0-016 
Av. 0-043 = = 0-031 — 0 012 
О 0-014 — — — 0-010 0-004 
K 0-043 = — = 0-028 0-015 
N. 0-026 — — — 0-019 0-006 
Av. 0-027 mE — — 0-019 0 008 


Total Av. 0-050 — — 0-038 — 0-012 
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Table V presents similar data with reference to the just noticeable 
appearance of the flicker for the five situations included in the experi- 
ments. The decrement in liminal sensitivity to flicker for the four objects 
as compared with that for the blank background shows the same sort of 
variation among the objects in the average of appearance and disap- 
pearance. The average decrements are for BD, T, BP and RP respeo- 
tively, 0-022, 0-028, 0-033, and 0-023. The average limen of appearance 
for B was 0-185-and for the four objects it was 0-156, thus yielding a 
difference of 0-029, 


Table V. Threshold of appearance. 


B BD T BP RP Diff. 

C. 0-142 0-123 — — — 0019 
K. 0-238 0-199 — — — 0-039 
N. 0-153 0-145 — — — 0-008 
Av. 0-178 0-156 — — — 0-022 
C. 0-168 — 0-138 — — 0-020 
K. 0-246 — 0-211 — — 0-035 
N. 0-168 = 0-140 — — 0-028 
Av. 0-191 — 0-163 — — 0-028 
C 0-184 — — 0-153 — 0-031 
K 0-240 — — 0-196 — 0-044 
N 0-164 — — 0-141 — 0-023 
Av. 0-196 — — 0-163 — 0-033 
C 0:149 — — — 0-131 0-019 
K 0-228 — — — 0-200 0-028 
N. 0-151 — — — 0-128 0-023 
Av. 0-176 — — — 0-153 0 023 
Total Av. 0-185 — — — 0-156 0-029 


It was thought that the contrast effect of the black figure upon a 
white background might influence the threshold of flicker. To test the 
probability of such an influence, the threshold for the black disc on white 
background was compared with that for a similar black disc on grey 
background. The difference, although slight, was positive for the white 
background (Table VI). Red and blue backgrounds were contrasted but 
the difference in brightness of these colours made the results uncertain. 


Table VI. Black disc on grey background compared with same 


black disc on white background. 
Grey White 
C. 0-156 0 138 0-018 
K. 0-093 0-087 0-006 
N. 0-085 0-077 0-008 
0-111 0-101 0-011 


> 
Q8 
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Finally, a test was made to determine the possible effect of stereo- 
scopic vision on the threshold of flicker. A copy of the stereoscopic slide, 
No. 14 Titchener’s series, was drawn in black India ink on a transparent 
glass slide which was inserted in a slot in the partition between the two 
compartments of the light box. The hood and lenses of the stereoscope 
were fastened to the front of the box so that each lens covered the 
opening of one of the eyepieces. The two stereograms were thus viewed in 
stereoscopic vision. The results showed a very slight, almost negligible, 
but positive effect of stereoscopic vision on the just noticeable appearance 
of flicker. The average limen of appearance for B was 0-188 and for the 
four objects it was 0-160, thus yielding a difference of 0-028. 

These results afford evidence of the influence of stimulus-patterns 
upon the threshold of the appearance of flicker. This conclusion finds 
corroboration in the introspections reported by the three observers 
during the experiment. These reports agree that the appearance of the 
flicker is sudden, clear, and definite even when there is no object in the 
field. The disappearance is gradual, the flicker fading away imper- 
ceptibly into & faint shimmer of light, then disappearing altogether. 
When an object is present the suddenness and definiteness of the ap- 
pearance of flicker is appreciably enhanced. The flicker appears to shoot 
out from the dimness against the white background of the figure. 

The averages given in Table V show that the target and bar-pattern 
exert a greater influence on the threshold of appearance of flicker than the 
black disc and the reversible perspective. The explanation of this 
difference would seem to lie in the greater plasticity of the stimulus- 
pattern represented in these two objects as compared with the black dise 
and reversible perspective. These latter present a solid black figure on a 
atable white background. Both of the other objects are likely to facilitate 
incipient eye movements and muscle strain which may enhance the 
perception of flicker. 

It was expected that the reversible perspective would produce the 
greatest effect on the threshold of flicker, since it would appear to be the 
most plastic. The failure to produce the expected result can be explained 
by the fact that the shift of attention which normally accompanies the 
reversible perspective seldom, if ever, coincided with the threshold of 
flicker. | 
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IV. CONOLUSION. 


From the foregoing results we are led to the conclusion that the 
reaction to flicker under the conditions imposed by the present experi- 
ment, i.e. monocular stimulation of flicker, is not merely a retinal re- 
sponse, but a complex reaction involving configurational factors. Under 
these conditions it may be assumed that some dynamic factor in the 
objective situation combined with the flicker series to intensify the 
stimulus-pattern or configuration and thus intensify the reaction or, in 
other words, lower the threshold. Such a factor may be found in the 
contrast between an object and its background, as in the black disc and 
the square figure in reversible perspective, or in the plasticity of the 
stimulus-pattern as in the target and bar-pattern. The fact that when the 
flicker appears it is perceived in binocular and not merely in monocular 
vision would appear to be explicable on the assumption that central as 
well as retinal factors are involved in the reaction. In view of the objective 
conditions under which retinal rivalry occurs, this phenomenon would 
appear to lend support to the conclusion that we have here a perceptual 
response involving the blending of several factors rather than a simple 
sense-organ reaction. ; 


(Manuscript recewed 15 June, 1933.) 


PROFESSOR GODFREY THOMSON'S NOTE. 


` Ву WILLIAM BROWN (Ozford and London) AND 
WILLIAM STEPHENSON (London). 


IN a recent note (1), Prof. Thomson expresses objection to the use, by one of 
us, of the phrase “proof of the theory of two factors." It is true that care 
is needed in this matter. But Prof. Thomson pursues, in his note, certain 
lines of thought which betray serious misconceptions, or narrow pre- 
conceptions, about tests of the applicability of the two-factor theory. 
Consider, for instance, the following paragraph from his Note: 

“On no theory at all, by the laws of probability, there will be a 
tendency towards zero tetrad-differences among correlation coefficients. 
This tendency is the stronger the more complex the background of 
causes concerned in the correlations; and the mind is surely complex. 
When in addition the tests are selected ‘after much preliminary trial,’ 
and later it is ‘found necessary to reject one of the tests’ (i.e. to reject 
9907 tetrad-differences) and then further to reject ‘one of the correlation 
coefficients? which remain (i.e. to reject 272 more of the tetrad-differences), 
it would indeed be surprising if the surviving data did not show a very 
strong tendency to ‘zero tetrad-differences. Nor,” he adds, “can I for the 
life of me see what is then proved.” 

Three distinct particulars are here mentioned by Thomson, each with 
surprising naiveté. 

First, Thomson’s argument about the “tendency to zero tetrad- 
differences” is altogether too simple. Already, Brown and Thomson 
(@) p. 196) have stated that when the tetrad-difference criterion is 
satisfied, then “the Sampling Theory reduces to the Theory of Two 
Factors.” But, they added, “every effort should be made to reduce the 
probable error” (of the tetrads). The hope was expressed, also, that 
Spearman and his co-workers would enter into this matter. As is well 
known, all this has been done, with attention to reduction in sampling 
error (8), and increase in number of correlated variables (4). But, still not 
satisfied, Thomson stresses that “on no theory at all” correlations will 
tend to fit the tetrad criterion, the implication being, it would seem, that 
it is futile to try to prove anything whatever. 
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We must reply that all depends upon what is meant by “tends to 
fit.” And on this matter, indeed, the very technical developments that 
Thomson derides in his Note offer facts of а truly interesting kind. In 
point of fact, the work we do in tests of the applicability of the theory of 
two factors amounts to a search for the conditions under which correla- 
tion data satisfy the tetrad criterion. We seek to determine whether some 
date might, whilst other data will not under any circumstances, fit the 
criterion; it is the very object of our work to determine what is and what 
is not a tendency, what is and what is not acceptable as an approximation , 
to zero tetrad-differences. Thus, Dr Stephenson’s work(s), and that in 
collaboration with Dr Wm. Brown(4), have shown something of the 
conditions under which the tetrad criterion is satisfied; whilst another 
paper by Stephenson 6) has shown that certain correlations did not, and 
could not, be got to fit the criterion—even although every known or 
suggested allowance was tried out, and to a fine limit at least not less 
than that for which the previously mentioned data did satisfy the 
criterion. All this is necessarily technical and complicated, but it cannot 
be shirked on any theory of factors whatever. 

We might add that any number of sets of correlations could be supplied 
which do not satisfy the criterion, and cannot be made to do so on any 
subsidiary theory whatever, just as there are others which do satisfy it 
under the same conditions of sampling error. Further, the conditions of 
satisfaction, as well as those of non-satisfaction, of the tetrad criterion 
are of direct psychological interest*—a matter scarcely of opinion, but in 
any case one about which non-psychologists should keep an open mind. 

But, since these obvious technical matters are apparently not 
appreciated by Thomson, we are asked to remember that the mind is a 
complex affair, and that this should support a theory of innumerable 
factors as mental determiners. We freely concur on the matter of the 
complexity of the mind. But it is beside the point. It is of no great 
interest or value to us to verify that the mind is a complex affair. Purely 
as practical psychologists we require to separate firstly the broadest 
psychological features, if there are any, and to control them one by one. 
The two-factor theory is a device that helps us towards this broad 
objective. We would use the theory in two ways, firstly as & scientific 
check upon a priori theorizing, and secondly as an instrument which 


1 Incidentally, this latter work has been misunderstood by R. C. Tryon (6), and con- 
sequently quoted with its attendant mistake by Wynn Jones (7). 

3 See, for example, Brown and Stephenson, (4) p. 360, for a psychological account of the 
one rejected test, and the one rejected correlation, referred to by Thomson in the Note. 
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suggests prior facts, upon which we might base a posteriori theory. Thus, 
to give an example of the former procedure, we might introspect and 
make theories about Reasoning, Conceptualizing, Judgment, and Ab- 
straction, as abilities showing individual differences. A scientific check 
could be that of & test of the disparateness of the abilities in question, 
and the two-factor theory can supply the needful check. Obviously, & 
large part of Spearman's work in The Abilities of Man is scientifically 
governed in this way. 

A third matter raised by Thomson in his Note concerns what has been 
called the ‘purification’ technique, whereby certain conditions are 
placed on the correlations, or certain correlations are omitted. This, we 
have already said, has been misunderstood by Tryon (6), and it is apparent 
that Thomson shows the same fundamental misunderstanding. The 
technique takes two lines. First, a search is made for errors other than 
sampling—surely an eminently sensible aim, since we cannot see why 
sampling should blind us to the possibility of other errors. Second, a 
search is made for possibilities of *overlap'—a matter made explicit in 
the very theory of two factors itself, and not, as Thomson seems to think, 
a further theory or additional excuse. The first search is made quite 
independently of any particular correlations. The second also entails an 
objective procedure: where ‘overlap’ is suspected, the matter is put to a 
scientific test, if this has not already been done, or acceptance of the 
‘overlap’ is made contingent upon further work. Any remarks, then, 
about ‘omitted tests’ or ‘rejected tests,’ are as unnecessary as they are 
unsound. ; 

Finally, it would indeed seem that Thomson still holds to an old view, 
that any mental tests whatsoever, under any conditions whatever, will 
allow a decision to be made, once and for all time, about the applicability 
of this or that theory. Nothing could be more naive, nothing more 
mistaken. We have already said sufficient, it is hoped, to show that factor 
studies are by no means aa simple as this old view holds them to be: but 
the various points raised above, together with others about which mis- 
understandings of the two-factor theory arise, will be discussed in greater 
detail later by one of us (Stephenson). 
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THIRD REPORT ON A LAMARCKIAN 
EXPERIMENT. | 


By J. B. RHINE лхо WILLIAM MoDOUGALL:!, 


. Introductory (pp. 213-218). 
The continuation of the tank experiment to the 34th generation (pp. 218-221). 
The behaviour in the tank of control rats of various stocks (pp. 221—224). 
The continuation of the experiment combining training in the tank with 
adverse selection (pp. 224-231). 
V. An experiment combining training in the tank with favourable selection 
(pp. 231-232). 

VI. Brief answer to some criticisms (рр. 232-235). 


4 HE: 


I. INTRODUCTORY. 


Tue first and second reports on my Lamarckian experiment, published 
in this Journal, stated and discussed results obtained in the first period 
(from 1920 to June 1926) and 1n the second period 
(June 1926 to June 1929) respectively. This article 
reporta the continuance of the experiment through 
the third period (June 1929 to June 1933). 

. In this third period I have been chiefly occupied 
with two parallel tasks: first, the continued training 
of successive generations of the original stock of 
tank rats; secondly, the similar training of suc- 
cessive generations of a control stock subjected to | 
severe adverse selection in each generation. Ire- ` 
port on these two pieces of work in sections 11 and 
IV of this article. In section rr I report some 
subsidiary control experiments; and in section vi 
the bearing of the experimental work is briefly 
discussed in the light of various criticisms. І restate 
here concisely the nature and conditions of the 
training process and add some few remarks on 
changes of the conditions. The rats are trained by 
a standardized procedure to avoid a brightly lit electrified gangway, in 


‘1 I have written this report in the first person singular, but Dr Rhine has taken so 
large a part in the work that, with his permission, his name stands with mine as co- 
author. (W. McD.) з (1927) хуп, 267 and (1930) xx, 201. 


J. of Psyoh. xxiv. 2 ] 14 
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escaping from a tank of water, and to prefer always the only alternative 
route of escape, namely, a.similar gangway dimly lit and not electrified. 
Fig. l represents the ground plan of the tank; 4 and B are the two 


sloping gangways. 


Both are of ground-glass covered with wire-mesh and behind each is an electric 
glow-lamp of 60 candle-power. The tank is half-full of water and each gangway leads 
up to the platform P from a level just above the surface of the water. The wire-mesh 
on the gangway is insulated from the metal walls of the tank and from the water, 
but is connected with one pole of a secondary coil, the other pole of which is con- 
. nected with the metal tank and thus with the water. If a rat, swimming in the water, 
places his fore paws on the wire-mesh of the gangway (while this is receiving the 
interrupted current from the соп) he bridges the electric gap, and the interrupted 
current, entering his fore paws, passes through his body to the water, and continues 
to do so, as he runs up the gangway, until his tail is clear of the water. The strength 
of the current which passes through the rat (and the intensity of the impression 
made on it, as judged from ite behaviour) inevitably varies a little in ways whioh 
cannob be completely controlled (e.g. the kind of contact made with the wire by the 
rats feet). After much consideration of this problem of standardizing the shock 
delivered to the rat, I &m of the opinion that the best one can do is to adjust the 
secondary coil in such a way that the current is strong enough to tetanize the muscles 
of the rat’s legs and hold him fast, in, as nearly as possible, 50 per cent. of all contacts 
made by any batch of rate. Further, when & rat is thus held by the current, I count 
three slowly before breaking the current and releasing the rat. In almost all cases 
the rat then runs up the gangway. When a rat touches the wire-mesh with paw or 
snout, it happens in rare instances that he turns back; but with these rare exceptions 
he (if not tetanized) rushes as quickly as possible up the gangway. 


The two currents, that supplying the two lamps which illuminate 
the two gangways, and that to the wire-mesh on the gangways, are con- 
nected with one switch which, on being thrown over, diverts both cur- 
rents from A to B (or from B to A). Each rat is placed in the water 
at O six times on each day of his training period, and escapes from the 
water six times on each day. After each immersion and escape, the 
switch is thrown over, transferring both currents from the one gangway 
to the other!. After a sufficient number of immersions and escapes (a 
number varying widely) each rat (out of many hundreds subjected to 
this training process) learns to avoid the brightly Ht and electrified 
gangway B and to escape regularly by the dimly lit gangway D (that 
from which he receives no shock). This training is continued day by day 
(with the occasional omission of training on one day) until he makes 


1 An occasional exception to this rule is made, in order to ascertain whether the rat 
has formed a habit of going alternately to right and left. In no case did any evidence of 
such habit formation appear. 
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twelve successive escapes without error}, t.e. without touching (or ap- 
proaching) the bright gangway. Each rat thus learns to discriminate 
between the bright and the dim gangway (in anthropomorphic terms, 
he learns to accept the bright light as a signal warning him of the shock) 
and to avoid the former. This discrimination is effected more or less 
suddenly, at a crucial point in the learning process, a point at which, 
it may be claimed, insight is suddenly achieved, that is to say an appre- 
ciation of the relation of the brightness to the shock. Until this discrimina- 
‚ tion is achieved the rats (with few exceptions) continue throughout the 
training process to make their escapes from the water equally often by 
the bright (B) and by the dim (D) gangway; the number of errors (or 
escapes by way of B) made by any rat in the total process of training 
is accepted as the measure of his facility in learning to effect the dis- 
crimination. 


The rats fall into three pretty sharply definable classes in respeot of their behaviour 
in the pre-discriminatory period of training: (1) rats (about 50 per cent. of all) which 
turn right or left and take route 4 or B irregularly and about equally often (they may 
be said to turn right or left ‘at random"); (2) rats (a rather smaller number) which 
at ап early stage acquire the habit of turning right and escaping by 4, or left and 
escaping by B, and continue in this habit up to the critical stage of discrimination; 
(3) a few rate (probably fewer than 5 per cent.) which at some stage of the training 
process, after turning right or left ‘at random,’ acquire the habit of turning always 
to the bright side and escaping by B, and continue in this habit up to the critical] 
stage of discrimination. It will be noticed that the rats of the first and second classes 
make errors to the number of approximately half the total number of immersions 
preceding discrimination; while the number of errors made by the rats of the small 
third olass is a considerably larger proportion of the total number of immersions—in 
some cases almost 100 per cent. These diversities of behaviour do not invalidate 
(it seems to me) the acceptance of the number of errors made by any rat as the measure 
of his facility in effecting discrimination. 

The interpretation of these diversities is subtly connected with the general theory 
of the learning process (op. the chapter on the Learning Process in my Energies of 
Men). If we accept the common mechanistic theory, we shall assume that, up to 
the critical point of discrimination, the rat is learning not at all, is simply making 
reflex movements according to the sense-stimuli of each moment (class 1), or behaying 
according to a fixed habit (classes 2 and 3); and that then, for some unassignable 
reason, by the operation of some cause which no mechanist theory of learning can assign 
or suggest, but which must be regarded as some fortuitous combination of conditions 
(inner or outer or both) it falls into the new habit of turning always away from B 
and towards D. If this mechanist account were valid, the number of errors made 


1 The training process has been prolonged beyond this point in a few cases. Some of 
these:rats make an occasional error, others majority) continue regularly to avoid the 
bright gangway on every occasion. 

14-2 
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before discrimination would be to some extent invalidated as a measure of facility 
m learning, but not wholly invalidated. Even if the eventual discrimination is nothing 
more than a falling into a new habit through the happy chance of some favourable 
concurrence of conditions, it would remain true that the rats which learn after few 
errors must be regarded as in the main those most susceptible to the formation of 
the fortunate habit of turning towards D when conditions happen to favour such 
turning. But the mechanist interpretation is quite untenable in the light of impartial 
consideration of the behaviour of the rats. Though it may have a certain plausibility 
as applied to the rats of the first of the three classes, it clearly will not work for the 
rats of the second and third classes. These form a fixed habit (those of class 2, the 
habit of turning always right or always left; those of class 3, the habit of turning 
always towards B, whether B be right or left); and after & number of repetitions of 
this behaviour (varying from rat to rat from perhaps 10 repetitions to 200 or more) 
this habit (without any appreciable change of the external conditions) is abandoned, 
and the rat turns always away from B and escapes by D. Secondly, the rats show 
quite unmistekably by various details of behaviour that, as they approach the gang- 
way B, they anticipate or expect the shock (as e.g. in rushing at and across B with 
maximum speed and energy after a few experiences of the shock). It seems safe to 
infer that, throughout the pre-discriminatory period of training, the visual perception 
of В evokes in the rat approaching B (after receiving the shock on B once or some 
few times) some anticipation of the shock and some aversive impulse which is not 
strong enough to inhibit or arrest the urgent impulse to escape from the water by 
any route that is visually recognized as such; further, that, with repetition of the shock 
on B, the anticipation of the shock before touching B grows more definite and the 
aversive impulse grows stronger, until (after a number of repetitions which varies 
from rat to rat) it is evoked in such strength as to counteract, inhibit or suspend the 
escape-impulse. When this stage is reached, when the aversive impulse evoked 
by visual perception of B has gradually (on successive repetitions of the shock- 
experience) grown so strong that it competes on equal terms with the escape-impulse, 
& new phase of behaviour sets in. The rat, instead of rushing at and over the gangway 
B, hesitates before rushing it. After repeating this behaviour once or several times, 
he passes to a further phase; namely, he hesitates on facing B, and then, instead of 
rushing B, turns back without touching it; in many cases, he will then turn repeatedly 
from side to side of the tank, looking alternately at В and D—evidently the seat of 
& well-balanced conflict of impulses. Having reached this stage of suspense of action 
he has accomplished the first stage of the process of learning and is ready to achieve 
the second stage, that of actual visual discrimination of bright-shocking-gangway 
from dim-safe-gangway. He may take B again once, or two or three times; but 
when this stage of suspended action has been gradually induced, a very few repetitions 
of the shock on B suffice to establish effective discrimination and invariable choice 
of D with total avoidance of B. 


The total number of errors made by rats of successive generations 
trained in the tank is, then, the significant feature to which attention 
is invited. In order to effect a very considerable economy of my time ` 
and energy, I have trained the rats of each generation in batches, 
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geherally of віх animals (occasionally in rather smaller or larger batches), 
and I have recorded the number of errors made by the batch on each 
immersion. Thus I have no record (in the great majority of cases) of 
the number of errors made by each individual rat, and rely upon the 
figure expressing the average number of errors made by each rat of а 
given generation (obtained by dividing the total of errors made by all 
the rats of a given generation by the number of rats of that generation 
actually trained), together with the figures expressing the number of 
errors made by the best (or most quickly learning) rat and the worst 
(or most slowly learning) rat of each generation. 


А complication of the training of the last few generations must here be explained. 
My original tank, constructed in 1920 (and also а duplicate constructed in 1927), 
contained certain wooden parts (the internal septa) which in the course of years 
immersed in water had become rotten. Therefore early in 1932 we constructed two 
new tanks to replace the old ones, following closely the patterns and dimensions of 
the old tanks, but making the septa of metal and introducing a few small modifica- 
tions that made for convenience, such as increasing the height of the outer wall to 
prevent the occasional, but most time-wasting, escape of a rat from the platform P. 
No one who has not made similar experiments could imagine the great variety of 
ways in which the animals are apt to complicate the task of the experimenter by 
their idiosyncrasies of behaviour. I had hoped and assumed that these slight dif- 
ferences between the new and the old tanks would not significantly affect the behaviour 
of the rats. I was soon undeceived. It appeared at once that the new tanks are 

‘easier’ than the old ones, that is to say, the rats solve their problem, or achieve 
discrimination, more readily, 1.e. after fewer errors, in the new tanks than in the old. 
It was therefore necessary to standardize or calibrate the new tanks by means of 
exact comparison with the old, a task which occupied me throughout one academic 
year. This, I suggest in passing, is an instructive illustration of the difficulties of 
work of this sort. The comparatively simple instrument of my experiment, the tank, 
requires for its calibration 8 vast amount of work. The task cannot be accomplished 
by the simple procedure of training the same animals in the two tanks to be compared; 
but only by training a large number of animals in each tank and comparing the 
average facility of learning in the two tanks. Obviously, for this purpose it is desirable 
that the rats trained in the two tanks shall be as nearly alike as possible. With this 
aim in view, I chose my animals for this calibration work on the principle of splitting 
litters. That is to say, I took 21 litters of four different stocks; divided each litter 
into two halves by strictly random choice. One half of each litter was assigned to 
з group to be trained in the old tank, the other half to a group to be trained in the 
new tanks (where the number in any litter was odd, the odd member went to the 
new tanks). In this way the 121 young rats of the 2] litters were divided into two 
groups as nearly as possible alike in constitution. One group of 58 rate trained in the 
old'tenk gave an average of errors per rat of 58-20; the other group of 63 rats trained 
in the new tank! gave an average of errors per rat of 37-78. This implies that the 

* The litter-mates of the two groups were trained parallel in time and in all respects 
except the tanks. 
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number of errors madein thenew tank must be multiplied by 1:540 (the ratio 58-20/37-78) 
in order to convert it-into the number that would have been made by the same 
tat or rats if trained in the old tank. In the tables all figures obtained by training 
in the new tanks have been thus converted into the equivalent figure for the old tanks. 

I cannot definitely answer the question—Why is learning in the new tank easior 
than in the old one? Partly no doubt the slight differences in the dimensions play 
8 part. But the illumination of the gangways and of the walls of the passages leading 
to them is rather brighter in the new tank. And especially, by an oversight I allowed 
the curved wall bounding the distal ends of these passages to be painted in vertical 
stripes of black and white (each about 1 in. in width); and, having begun work with 
this arrangement, judged it best to continue, as in any case a careful comparison of 
the new and the old tanks would be necessary. It seems to me probable that this 
difference of illumination and of its distribution in the old and new tanks is the 
principal ground of the easier learning in the new tank. 

This large difference (expressed by the ratio 154/100) between the old and new tanks 
was to me quite unexpected. It has important bearing upon any comparison of results 
obtained in any experiment designed to duplicate or check the resulte here reported. 
Dr F. А. E. Crew has conducted experiments along these lines; and I inoline to believe 
that the large differences between the behaviour of rats in his tank and in mine is 
largely due to differences of illumination, though the dimensions and proportions of 
parte are also very different. 


П. THe CONTINUATION OF THE TANK EXPERIMENT TO 
THE 34TH GENERATION. 


The Second Report describes in Table I the results of training (in 
the tank) rats of the 13th to the 23rd generation of my T.R. stock. 
Table II (p. 219 of this article) reproduces this part of Table I and con- 
tains in addition the results of training the 24th to the 34th generation 
of the same stock. 

Two features of Table II are of chief interest. First, the increase of 
facility which at the time of the Second Report had reached its highest 
degree in the 23rd generation (of which the average number of errors 
was 25), reaches a further point in the 30th generation (namely 20 errors 
on the average) and a still further point in the 32nd generation (of which 
the average number of errors was 17). As was very marked in the bath 
or water-maze experiment (described in First Report), the advance of 
facility in the generations 13-34 was not steady and continuous. Rather 
the advance seems to be like that of the tide on a smooth sandy beach. 
One sees each wave that reaches а new mark followed by several waves 
that fail to reach so high; and then cames'another which reaches further 
than all its predecessors. It is possible that, if a considerably larger 
number of rats had been trained in each generation, these irregularities 
of the advance would have been smoothed out. However that may be, 
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the figures of Table II express an undeniable and very considerable in- 
crease of facility in the later as compared with the earlier generations tabled. 


Table IT. | 
No. of errors made by 


4 
Т.Б. stook trained errors per rat . Best rat Worst rat 


13 23 68+ 30(1) 90+ 
14 10 80 i201 102 
15 10 70 39 (1) 96 
16 б 73 39 (1) 88 
17 11 46 9(1) 147 
18 22 62 15 (1) 142 
19 18 47 12 (1) 100 
21 34 37 9 (3) 74 
22 16 36 6 (3) 89 
23 26 25 3 (2) 71 
24 14 33 10 t 62 
25 18 38 14 (1 78 
26 23 43 9 1} 75 
27 32 54 12 (1) 96 
28 17 44 13(1 90 
29 20 50 18 (1 105 
30 11 20 3 (9) 56 
31 38 40 3 (2) 100 
32 42 17 3 (5) 70 
33 24 33 2 (3) 78 
34 34 36 2 (3) 88 


1 See footnote, Table IV, p. 224. 


Secondly, the column showing the number of errors made by the 
best (the most quickly learning) rat of each generation is perhaps even 
more clearly significant of an increase of facility in the successive genera- 
tions. Whereas in the generations 13-16 no rat made fewer than 30 errors, 
in each of the generations 30-34 we see two or more rats which make 
no more than 3 errors apiece. . 

To this evidence of the figures of Table II must be added the evidence 
provided by direct observation of the behaviour in ‘the tank of the suc- 
cessive generations. 

In the Second Report I described (p. 210) hesitant, аайы; cautious 
behaviour as characteristic of all or most of the rats of the later genera- 
tions of the T.R. series, contrasting strongly with the reckless direct 
rushing to and over the gangways characteristic of all the rats of the 
control stocks. This tentativeness or caution has increased markedly in 
the later generations of the third period here reported. For example, 
in training a litter of 6 T.R.g, (z. Tank-rats of the 34th generation), 
Imade on the third day the following note: “ One shows eatreme caution, 
long loitering, and turns back many times after approaching the gang- 
ways (both B and D).” And on the fourth day: “Two now show similar 
extreme caution and long loitering; they turn back from gangways many 
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times, sometimes seizing the support below the wire mesh, holding this 
timidly with an air of extreme alertness and caution, and then pushing 
off into the water again." On the eighth day: “Three are now loitering 
for long periods." And on the tenth day: “One loiters in the water віх 
minutes before taking the dark gangway.” 

I have similar notes for batches of all the later generations. For 
example, of one batch of T.R., made up from two litters: “Much 
loitering and turning back from gangways; all very quiet and docile—no 
rushing, no attempts to escape after emerging from water; all remain 
quietly on platform every time after landing.” 

Of one batch of T.R.4, my note runs, on the twelfth day of training: 
“АП through hitherto much hesitation and loitering.” And of another 
batch of T.R.: “Much loitering and mahy turnings back from both 
gangways, both with and without touching them. One rat on sixth 
immersion of first day of training remains loitering in the mid-chamber 
near O for 10 minutes and is then taken out. One rat displays so much 
caution that on the seventh day after achieving discrimination (i.e. 
having made 42 escapes by D (the dim gangway) on these six days) he 
still continues to approach D very cautiously and slowly on each occa- 
sion, sometimes turning back before touching D, sometimes landing on 
D, and crouching alertly at the foot of the slope, and then sometimes 
diving back into the water.” 

In this last case, as in two or three others of similar extreme caution, 
when I would gently bring my hand near him in order to lift him from 
the foot of the gangway on which he crouched, he would dive back into 
the water. On the first day of training of a litter of Т.К... my note runs: 
* All very large, vigorous and lively, but show extreme caution and much 
turning back from gangways. One of these, after receiving a single shock 
on the first day of training, loiters in the water, refusing to come out, 
and is taken out on the point of drowning after 5 minutes.” And of 
another litter of the same group (Т.К...) on the same day (also the first 
day of training) my note runs: “All rather small and a little lacking in 
vigour; show great caution and much turning back. One, after a single 
escape with shock, stays in the water 10 minutes, repeatedly approaching 

and turning back from both B and D.” 
i I cannot too confidently insist that I have never observed behaviour 
in the least approaching to this type of extreme caution in the rats of 
the control groups. It is difficult to express the degree of this peculiarity 
of the later T.R. generations in numerical form. But I have made some 
attempt at this by timing the stay in the water of a number of rats on 
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several successive immersions. One batch of 5 Т.В. was timed on three 
successive immersions on the sixteenth day of training: their average 
stay in the water before emerging was 39 sec. On the same day 6 control 
rats of group W.C. 1932 (also on their sixteenth day of training) were 
similarly timed on three successive immersions and their average stay 
in the water was 7 sec. A second batch of Т.В. was similarly timed : 
in the water during four immersions of the third day and stayed in 
the water on the average 36 sec. 

Again of 6 rats of group T.R.; I have the notes: “On second day 
of training, average stay in wara on four successive immersions was 
19 seconds; on fifteenth day of training the average stay in water was 
17 seconds.” And of 6 control rats trained parallel with the foregoing 
batch: “On second day of training average stay in water on four suc- 
cessive immersions was 6 seconds; fifth day, they continue to rush out 
rapidly, average time about 6 seconds; on tenth day, stay in water is 
minimum, about 3 seconds; on fifteenth day, continue to rush out in 
minimum time; twenty-fourth day, still rush out in minimum time, two 
only making slight pause occasionally ; definite hesitation first manifested 
by one of the batch on thirty-fourth day, but this one continues to make 
errors up to the fifty-third day." And of another batch of 5 Т.В. my 
note runs: “On second day of training average stay in water was 2b 
seconds; on tenth day average stay approximately 3 minutes." 

The difference of behaviour between the rats of the later T.R. genera- 
tions on the one hand and on the other the rats of the various control 
groups indicated by the foregoing notes is representative and typical. The 
difference cannot be accurately expressed in any figure, because the stay 
in the water tends to grow longer as the training proceeds and especially 
as each rat approaches the critical stage of training at which he achieves 
discrimination, and, for this reason, the figures representing the average 
stay in the water on any one day of training are not strictly comparable 
for any two rats. But the difference is so large and constant that its 
significance cannot be doubted. 


III. THE BEHAVIOUR IN THE TANK OF CONTROL RATS OF VARIOUS STOCKS. 


For comparison with Table II the corresponding figures for several 
groups of control rats of various stocks are presented in Table III. 
The rats of groups (1), (3) and (4) were the progeny of batches of rate (generally 


10 in number) of the stook from which my T.R. series are derived, newly obtained 
from the Wistar Institute in the years 1926, 1930 and 1932 respectively. The 10 rats 
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of group (2) were themselves imported from the Wistar Institute in 1927 and were 
of the same stock. 

Group (5) is formed by amalgamating groups (1) to (4). 

The 16 rats of group (6) were obtained from the colony of the University of North 
Carolina in 1929. š 

The 11 rats of group (7) were imported from the colony of the Institute for Research 
: in Animal Breeding of the University of Edinburgh in 19311. 

Group (8) is formed by amalgamation of the groups (1) to (7). 

The 22 rate of group (9) were progeny of the 16th generation of my half-stock B, 
trained in the bath or water-maze as desoribed in the First Report. Their training 
in the tenk was not completed. 

The 4 rats of group (10) were obtained from the biological laboratory of Duke 
University and were of unknown ancestry. The number of errors made by them is 
80 large as to suggest some abnormality. I have therefore not amalgamated them 
with the other controls. 

The 22 rats of group (11) were progeny of the 10 rats of group (2) begotten by 
the latter after they had been trained in the tank. 


Table III. Control groups in the tank. 
No. of errors made by 


Average no. of 
Group Мо. of rats in group errors per rat Best rat Worst rat 
0 17 W.C. (1926) 149 + 132 165 + 
2) 10 W.C. (1920) 164 90 299 
3) 20 W.C. (1930) 117 60 237 
4) 49 W.C. (1932) 102 14 352 
5) 96 W.C. 120 14 352 
6) 16 C.N.C. 102 33 210 
H 118.C. 188 16 282 
8) 123 controls 123 16 299 
9 22 Bath controls 107+ + 69 129 + + 
(10 4 D.U. controls 234 159 1 
an 22 W.C., (1927) 149 66 234 


The most significant facts presented by Table III when compared 
with Table II axe: (1) no group of controls gave an average number of 
errors per rat smaller than 102, whereas no group of Table II gave an 
average per rat higher than 80, and three groups of this series gave 25, 
20 and 17 average of errors per rat; (2) the best performer among all 
the 171 rats which appear in Table ITI made 14 errors (and his performance 
was quite exceptionally good among all controls), whereas among the 
149 Tank-rats of the 30th-34th generations, 15 made no more than 
3 errors apiece; (3) of the 364 Tank-rats of the 19th-84th generations, 
one only made more than 100 errors (namely 105), whereas the average 
number of errors of the 123 controls of group (8) was 123, and of this 
group a considerable number made more than 200 errors. 


1 T owe the groups (6), (7) and (10) to the kindness of Dr J. F. Dashiel, Dr F. A. E. Crew 
and Dr B. Cunningham respeotively. 
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It is a matter for regret that (for reasons stated in the First Report, 
p. 289) I am unable to give a figure expressing the average number of 
errors made by the Ist generation of the T.R. series (as also of all genera- 
tions preceding the 14th). I had assumed that rats of the stocks from 
which my T.R. stock was derived would serve at any time ав satisfactory 
controls. But Table III exhibits the disturbing fact that the groups: 
of controls derived from this stock in the years 1926, 1927, 1930 and 1932 
show a diminution in the average number of errors from the year 1927 
to 1932. This may, with some probability, be regarded as due to some 
fortuituously favourable selection of the groups of 1930 and 1932. If 
we accept this interpretation, we may amalgamate the groups (1) to (4) 
of Table IIT, thus obtaining the figure 120 as representing the true 
average of errors made by rate of the untrained Wistar stock; and may 
assume that the rats of the first, generation of my T.R. series would 
have made on the average a number of errors not less than 120. 

But it is just possible that the falling off in the average number of 
errors from 1927 to 1932 represents a real change of constitution of the 
whole stock, an improvement of it (in respect to this particular facility) 
due to influences whose nature I am unable to suggest. If the ancestral 
stock may be liable to such changes, it follows that entirely satisfactory 
control animals in such an experiment as this can be obtained only by 
dividing the original stock used for the experiment into two halves as 
nearly alike as possible; keeping and breeding the generations of the 
two half-stocks side by side, under exactly similar conditions, except 
that the one half-stock is trained generation by generation, and the other 
half-stock is untrained; and using as controls for animals of any par- 
ticular generation of the trained half-stock the animals of the same 
generation of the untrained half-stock?, ’ 

The rats of my Bath series answer very nearly to this condition, 
departing from it only in that, while each generation of the T.R. series 
was trained in the tank, the generations of the Bath series were trained 
in the water-maze. The 22 Bath controls making up group (9) of Table III 
are therefore the most satisfactory of all the control groups. They were 
the progeny of the 16th generation of this half-stock, all 16 generations 
having been trained in the water-maze, and otherwise treated exactly 
in the same fashion as the T.R. series. The training of this group in the 


. 1 Dr J. B. Rhine is now repeating this experiment with observation of this condition, 
and is recording the performance and the pedigree of each animal trained; an heroic 
undertaking for any one who is not in а position to give his whole time to researoh, and 
especially for one who has other strong research-interests. 
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tank was not completed; 14 of the 22 rats of the group showed no indica- 
tion of discrimination at the time when the training was discontinued; 
therefore the figure expressing the average number of errors which the 
rats of this group would have made must be very considerably higher 

than 107, the average number of errors actually made. | 


IV. ТнЕ CONTINUATION OF THE EXPERIMENT COMBINING 
TRAINING IN THE TANK WITH ADVERSE SELECTION. 


This section presents the results obtained up to June 1933 by the 
continuation of the experiment (the early stages of which were described 
in the Second Report, p. 205) which combines training of successive 
generations of 8 stock in the tank (by exactly the same procedure as 
that applied to the T.R. series, cp. section r) with strongly adverse 
selection. Table IV presents the principal results hitherto obtained. 


Table IV?. 
Range of errors 
Group Average no. of m 
Control rata unselected No. of rats trained errors per rat Best rat Worst rat 

W.C. (1927) 10 164 90 (1) 299 
W.C., (1927) 22 149 68 (3) 234 

.C., (1927) 87 144 45 (9) 229 
W.C., (1927) 10 114 42 (1) 170 

Control rats adversely selected 

W.C., 5 215 204 (2) 229 
W.C., (W.H.) 18 188 75 (2) 241 
ҮЧҮ 11 134 81 (3) 196 
W.C., (W.H. 19 119 63 (1) 194 
W.C., (W.H.) 14 115 54 (1) 180 
W.C., (W.H.) 9 147 69 (1) 231 
W.C., (W.H.) 14 139 51 (1) 228 
W.C.1,(W-H.) 7 114 69 (1) 192 
Ұ.С... Wins 21 129 81 (1) 198 
W.C. (W.H. 20 81 24 (1 165 
W.C4,(W.H.) 13 59 20 (1 120 
W.C.4(W.H.) 41 58 14 (1 144 
W.C.,,(W.H.) 36 70 23 (1) 148 
W.C.,; (W.H.) 65 43 3 (13) 129 


1 This table reproduces and extends to June 1933 the lower part of Table I on p. 205 
of the Second Report. The figures in brackets of column 4 represent the numbers of rate 
giving the numbers of errors stated in the column; this remark applies also to Table II. 


The first four groups of Table IV present the history of the derivation 
of this stock (here called W.C. (W.H.), ¢.e. Wistar controls (worse half)). 
The adverse selection was first practised on the 3rd generation of the 
Wistar controls newly obtained in 1927. Of this 3rd generation 37 rats 
were trained, giving 144 errors per rat on the average. The 5 worst of 
these (2 males and 3 females whose average number of errors was 215, 
and of which the best performer made 204 errors) were selected to be 
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the progenitors of the W.C. (W.H.) stock. Of each generation as many 
as possible (1.е., with very few exceptions, all born of the worse half of the 
parent-generation after training) were trained in the tank. As a rule 
these were trained litter by litter, each litter making one batch for 
training together; but where small and large litters occurred, the numbers 
of each training batch were evened up to, or approximately to, 6, or 
in some cases more than 6. : 

After training of each bateh was complete, the worse half of each 
batch was put aside for breeding, and the better half was destroyed. 
Where a batch contained an odd number of rats, the odd one was put 
to the breeding group; for, under this halving process, there was constant 
danger of the numbers of the stock falling too low. This selection-process 
was repeated with each of the generations of the stock W.C. (W.H.) from 
W.C., (W.H.) to Ж.С... (W.H.). It amounted very nearly, but not quite, 
to rejecting the better half of each generation (better in respect of facility 
in mastering the discrimination problem of the tanks), and in breeding 
only from the worse half. The selection exercised is thus very strongly 
adverse in respect of this particular facility. 

The more important features of Table IV are: 

‚ (1) The continued improvement of the stock in respect of performance 
in the tank $n spite of the strongly adverse selection practised on each genera- 
tion, an improvement, which, although, as in the T.R. series, it proceeds 
irregularly (some generations falling back below the level of achievement 
of their parents and grandparents), is represented by the difference 
between the 166 errors per rat of W.C., (W.H.) and the 43 errors per rat 
of W.C. (W.H.). 

(2) As with the T.R. series, the range of errors expressed in the last 
two columns follows 8 correspondingly and even more decidedly im- 
proving course!. 

(3) The last generation of this series hitherto trained, namely 
W.C. (W.H.), presents features of very special interest. Fortunately, 
I had been able to work up the numbers of this stock, and had trained 
41 rats of W.C.,, (W.H.) and 36 of .W.C.,,(W.H.). And when the first 
batches of W.C.;,(W.H.) proved on training to be of special interest, 
I made a point of training every гаф born in this generation (i.e. all born 
of the worse half of the 36 rats W.C., (W.H.), 65-in all from 11 litters 
born). The remarkably low number of errors per rat, namely 43, is 
equalled in interest by the large number of rats which make no more 
than three errors apiece, namely 13 (some of these probably made only 


1 It should be added that the later generations of this stock manifest the same kind 
of hesitancy or caution as those of the T.R. stock, though in leas extreme degree. 


226 Third Report on а Lamarckian Experiment 


two or perhaps even only one error, but with my group-training method, 
it was difficult to be sure of this). In this respect they are greatly 
superior to the later T.R. generations. 

(4) A fourth feature of great interest presented by this group of 
65 W.R. (W.H.) does not appear in the table, and must here be 
described. It has been an invariable rule of my procedure to open the 
training of each batch of rats by immersing them six times in the tank 
with the shocking-current cut off. On the six immersions of this zero- 
day the illumination is switched regularly from A to B (or B to A) after 
each immersion; and the number of times the rats emerge by B and 
by D is recorded. Readers of my First Report may remember that, in 
the early stages of the T.R. series, I relied upon this method of testing, 
and showed that the 26 rats of the 8th generation (T.R.,) showed before 
training a slight preference for the dim route, D; while 35 control rats 
of untrained stock show a small but decided preference for the bright 
route, B. One reason for persistence in this preliminary testing without 
shock on the zero-day of training of each batch was the possibility that 
this preference of the T.R. stock might grow stronger in later generations. 
But no such increase was recognized by me until I began to deal with 





Table V1, 
Group Average no. of 
D—B errors per rat 

21 W.C., (W.H.) 58—68 139 
15 W.C.,,(W.H. 39—51 129 
21 W.C. (W.H. 53—78 81 
13 W.C. E) 37—41 59 
42 W.C.,,(W.H.) 122—130 58 
36 W.C.,, (W.H.) 111—105 70 
65 W.C.,, (W.H.) 250—140 43 
20 W.C.,, (B.H.,) 51—63 50 
34 W.O.,, (В.Н.,) 127—177 39 
18 Т.В. 36—49 38 
23 Т.В. 65—78 43 
26 T. R.,; 79—711 54 
16 T.R.,, 45—51 44 
16 T.R.,, 39—57 50 
11 Т.Е. 20 
38 T.R.z 116—118 40 
10 Т.В. 41—19 17 
25 Т.В. 96—54 33 
34 Т.Б... 123—81 36 
(O.T.) 28 S.C. 81—87 

(N.T.) 29 S.C. 88—91 


1 In this table I have inoluded only 10 of the 42 T.R.,, of Table II. These 10 rate 
were of two litters, both of which showed very marked preference for D on zero-day. 
The remaining 32 T.R.,, showed the usual preference for B. Of the seven litters of 
T.R.,,, one only showed a similar strong preference for D. 
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the group W.C. (W.H.), when it was too marked to be overlooked. 
With renewed interest in this preference as a possible manifestation of 
a Lamarckian transmission of the effects of каш and of adaptation 
through effort, I drew up Table V. 

Table V shows the number of times the dim and the bright routes 
(D and B) were taken by rats of the several groups on the zero- day of 
training; each rat being immersed six times on that day, the illumination 
being switehed from one side to the other after each immersion, and the 
shocking-current cut off throughout the course of the six immersions. 

Groups of four stocks are included in Table V. In the first section 
come the groups representing the last seven generations of the adversely 
selected stock, W.C. (W.H.). . 

In the second place are two groups representing two generations of a 
favourably selected stock W.C. (B.H.,)}. 

Tn the third section of the table come the last ten generations of the 
T.R. stock. 

In the fourth section are two groups of the Scottish control rats of . 
the Ist—5th generations. It will be noticed, first, that these two control 
groups show the same small but decided preference for the bright route 
as was shown by the controls of Wistar stock which uds in the First 
Report (р. 280). 

The figures of chief interest are underlined; they рдын the only 
instances im which on the zero-day a very large and decided preference is 
shown for the dim route. 

In the case of the stock W.C. (W.H.) there is steady predominance 
of preference for В, up to the generation W.C.,, (W.H.), when а slight 
preference for D appears; and in the following generation W.C. лв (W.H.) 
the preference for D . very marked. 

In the stock W.C. (B.H.,) (which derives from W.O (W.H.)), the 
appearance of the preference for D is about equally marked and even 
more sudden, and occurs in the same generation, namely, W.C.,,. 


1 These represent my second attempt to perpetuate a stook favourably selected (the 
better half of each generation being selected for breeding) and also trained in the tank in 
each generation. They were derived from W.C.,, (W.H.) by favourable selection and are 
included in Table V because they show the same sudden varistion or mutation as 
W.C. e (W.H.). 

* These control rats are placed in Table V ın two groups: one of 28 rats whioh were 
tested in the old tank (indicated by the letters O.T.); and one of 29 rats tested in the 
new tank. I had been inclined to suspect that in the new tank (in which the illumination 
was probably a little brighter than that of the old tank) the balance might be inolined a 
little in favour of the dim route D. But the figures of these two groups show that there is no 
appreciable difference between the old and new tanks in this respect. And this conclu&ion 
is borne out by comparison of other groups similarly tested in the two tanks. 
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Is it too speculative to say that the figures suggest we have here 
evidence of the sudden appearance of a mutation, a mutation which is 
the consequence and the effect of the training of many generations in 
the tank? 

After the training of fifteen generations in the tank to the avoidance 
of B (the bright route), all of which generations show on zero-day of 
training & slight preference for B (with one slight exception, namely, 
W.C. (W.H.)), in the following generation (W.C.,,) of both stocks a 
marked preference for D is shown on zero-day, a preference so marked 
that, in both groups, D is taken almost twice as often as B. And the 
preference is well marked in each of the twelve training batches which 
contain the ninety-nine rats concerned (i.e. 99 W.C.4). 

In this connection the generation W.C.,, presents points of particular 
interest in both stocks. Six batches of W.C.,,(W.H.) and five batches of 
W.C.,5 (B.H.,) were trained, and in both groups occurred a single batch 
which showed on zero-day а well-marked preference for D; namely, on 
zero-day a batch of 5 W.C.,, (W.H.) gave 19 B—11 D (these account for 
the very slight preference for D of the whole group of 36 W.C. (W.H.)), 
and a batch of 8 W.C.,, (B.H.;) gave 30 B—18 D. 

In objection to this interpretation, it may be asked: If the mutation 
in stocks W.C. (W.H.) and W.C. (B.H.,) is due to the training of them 
through 15 generations in the tank, why should not the T.R. stock, 
which has been trained in the tank for 34 generations, show а similar 
mutation? The answer is that it does. Table V shows the sudden ap- 
pearance of the marked preference for D in T.R.3, (the generation which 
gives the lowest average number of errors and the largest number of 
individuals of very few errors, namely 3 or less) and its ран in 
T.R., and Т.Е... 

Again, it may be asked: If we are here dealing with a mutation 
affecting all three branches of the trained Wistar stock, which expresses 
itself in two ways, namely, in preference for D on zero-day, and in 
sudden diminution of the number of errors made in the course of training, 
why do the two expressions not run exactly parallel in the generations ? 
The answer seems to be that while the preference for the dim route in 
the untrained rat seems to be the expression of one factor (that in respect 
of which the mutation here discussed appears in the last generations 
of all three W.C. stocks, and which seems to be a' readiness to avoid В, 
or ease of evocation of aversive impulse by B), the number of errors 
made by any rat (or any group of rats) is the expression of two factors 
(as pointed out in the Second Report, p. 216), namely (a) the ease of 
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the evocation of impulse of avoidance, (b) the ease with which discrimina- 
tion is effected when the aversive impulse has been effectively evoked. 

The separateness of these two factors has become increasingly clear 
to me, especially in observing the last few generations of the T.R. stock. 
Thus of one batch of Т.К... I have the note: “Begin well and make in- 
creasingly many errors on first five days. Peculiar to this much trained 
stock.” The batch of 5 gave 8 errors on the first day, 20 on the fifth: 
Another batch of 6 rats made 9 errors on the first day, 23 on the fourth, 
and did not return to so low a figure as 9 errors until the fifteenth day. 
This sort of thing does not occur in the control rats or those of early 
generations of the trained stock. 

But there arises the further question: If training of successive genera- 
tions is the ground or cause of the appearance of the mutation, expressed 
by the suddenly manifested marked preference for D (for the dim route 
as against the bright route), why does it appear after only 16 generations 
of training in the two closely allied stocks, W.C. (W.H.) and W.C. (B.H.), 
and not until after 32 generations of training in the T.R. stock? To 
this question I can suggest no definite answer. But it is clearly bound 
up with the wider question: Why does the training effect more rapid 
improvement of the W.C. (W.H.) stock than of the T.R. stock, in spite 
of the strongly adverse selection practised on the former? 

The difference is not very marked in respect of the earlier generations 
. of the T.R. series. The W.C. (W.H.) stock attains the degree of facility 

expressed by 43 errors per rat in the 16th generation. The T.R. stock 
attains almost the same degree of facility (namely, 46 errors per rat) 
in the 17th generation. After that the further advance in facility of the 
T.R. stock seems very slow, until the mutation occurs in the 32nd 
generation, and the number of errors per rat jumps down from 40 to 17. 
The only fact which seems to me possibly to throw light on this slowness 
of improvement of the later T.R. generation is that these gave some 
indications of degeneration, indications not observed in my other stocks 
and due possibly to the very long continued and close inbreeding of the 
T.R. stock. As such indications I would mention the following: 
(1) Many litters decidedly below normal weight, 4.e. below weight of 
controls at same age (weighing was usually done at the end of the third 
month). 
(2) Litters became decidedly smaller in numbers. 
(3) Abnormalities of behaviour, such as cannibalism and desertion 
-of litter by the mother, occurred disturbingly often, so that I feared it 
might prove impossible to perpetuate the stock. . 
J. of Payoh, xxrv. 2 , 15 
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(4) In the 33rd generation, a large proportion of the stock became 
affected with a disorder which I called “pusy tail.’ The tail became 
swollen and inflamed and in many cases rotted away. I could not ascer- 
tain whether the condition was induced by biting of the tail. Although 
these rats were kept in the same room as several other stocks, no rat 
of these other stocks showed any trace of this disorder. 

It is necessary to consider carefully the question whether there was 
any change in the external conditions of the rats which could account 
for the sudden manifestation of the preference for D on zero-day. 

Two facts seem to rule out this possibility. First, this change was 
first manifested by the’ group T.R., which was trained in the summer 
and early autumn of the year 1932, and continues to be manifested by 
Т.В.» which was trained from October 1932 to February 1933. It does 


‚ not appear in group W.C.,, (W.H.) which was trained in September and 


October of 1932,:nor in W.C.,,(W.H.) and W.C.,, (B.H.,) which were 
trained in December 1932 and January 1933, and first appears in ‘this 
stock in the groups W.C..,(W.H.) and W.C.,,(B.H.,) whose training 
began late in April 1933. Yet if there had occurred any change of 
external conditions capable of causing this preference for D, all stocks 
must have been equally subject to its influence, and the change should 
have appeared at the same date (approximately) in both stocks: for all 
the rats were kept in the same room and otherwise treated alike. 

One important change in the conditions of the experiment was made 
in the period concerned, namely the change from the old to the new 
tank. I have stated that the illumination of the new tank is a little 
brighter than that of the old tank. 18 it, then, possible that the preference 
for D is merely due to this factor, or to some other peculiarity of the new 
tank? It has been already shown by the zero-day figures for the last two 
groups of Table V that, if the new tank has any such peculiarity favouring 
the preference for D, that influence must be very slight only; for both 
of the two groups of S.C. (one trained in the old tank, the other in the 
new tank) show the usual slight zero-day preference for B. But in order 
to clinch the case against this interpretation I add the following facts. 
Of the rats of the group W.C.,, (W.H.), five batches, including 35 rats, 
were trained in the new tank, and of these 35 rats the amalgamated 
zero-day performance was 100 D—110 B; that is to say, although they 
were trained in the new tank, the old preference for B prevailed to the 
usual extent; therefore the preference for D which appears slightly in 
the next generation (W.C.,) and very markedly in W.C.,, cannot be 
attributed to any peculiarity of the new tank. 


“ 
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I suggest then vaguely enough that there occurred in the later genera- 
tions of the T.R. series some ill-defined degenerative change which was 
adverse to the appearance of the mutation (which seems to have occurred. 
in the 16th generation of the W.C. (W.H.) stock) and postponed its 
manifestation to the 32nd generation of the T. R. series. The facts suggest, 
then, that just as the training process gradually brings about in each rat 
8 change which remains latent until it reaches the degree at which it 
enables discrimination and complete avoidance of B, so also in the 
stock the training of successive generations brings about gradually a 
change of constitution which, when it attains a certain degree, suddenly 
manifests itself as a mutation coincident in nature with the effects of 
training. . 

Putting aside this suggestion of & mutation, arising from the figures 
of Table V, and reverting to Table IV, the main feature is the very large 
increase of facility in the later generations. As with the T.R. series, 
the progress (as marked by the fall of the average number of errors made 
by the rats of successive generations) is not steady, but is broken by 
lapses to lower levels, which lapses are, however, less pronounced than 
in that other series. But the main superiority of this series over the 
T.R. series as evidence of Lamarckian transmission is due to the strongly 
adverse selection. For this, it will surely be agreed, was sufficiently 
drastic to rule out the vague possibility that, in spite of my best efforts 
to avoid any favourable selection, such selection had nevertheless pre- 
vailed in the main throughout the series. 


V. AN EXPERIMENT COMBINING TRAINING IN THE TANK 
WITH FAVOURABLE SELECTION. 


In order to make still clearer the possibilities of effects of selection 
and to obtain some measure of what markedly favourable selection can 
effect, I initiated a series to run parallel with the W.C. (W.H.) series, as 
follows: Of the 11 rats of the group W.C. (W.H.) the worst six were 
set aside for breeding the next group of the W.C. (W.H.) series; and the 
best 5 were interbred, and from their progeny I took at random 6 rats 
(2 from each of З litters) and trained them as group W.C., (B.H.). Of 
their progeny I took the better half (after training), and from this better 
half bred a group W.C., (B.H.,); and continued this process of training _ 
combined with strongly favourable selection, until, with the generation 
Ұ.С... (В.Н.), the stock unfortunately, in spite of all care, became 
extinct, t.e. the group of the better half of the progeny of W.C.,, (B.H.) 

15-2 
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proved absolutely sterile. Table VI states the main results of this pro- 
cedure in form similar to that of the preceding tables. 


Table VI. 


Range of errora 

No. of rats Average no. of | ,————— ——^—— 

Group trained — errors per rat Best rat Worst rat 
W.C., (В.Н.,) 6 70 33 93 
W.C., (B.H.,) 6 110 60 174 
W.C., (B.H.)) Б 80 51 111 
W.C., (B.H.,) 9 124 60 166 
W.C.o um 10 132 68 195 
W.C. (B.H.,) 9 34 21 49 
W.C. (B.-H) 4 126 = = 


The numbers dealt with in this series are so small (owing to the lack 
of fertility of the stock culminating in the complete infertility of 
W.C.4, (B.H.,)), that I have hesitated to publish them. But they do serve 
(like the similar series W.C. (B.H.,)) to illustrate the comparatively small 
influence of such selection. The extreme irregularities of the average 
number of errors per rat are no doubt mainly due to the smallness of 
the numbers trained in each generation, a defect I hope to be able to : 
avoid in the further handling of the stock W.C. (B.H.,), of which two 
generations only have been dealt with. | 


VI. BRIEF ANSWER TO SOME CRITIOISMS. 


This article is already too long and I propose to postpone to a later 
report detailed answers to criticisms, but I indicate here in very con- 
densed form the nature of the evidence which seems to me to invalidate 
the principal criticisms which hitherto have come to my notice. 

The most serious criticism is the possibility of unwitting favourable 
selection in the T.R. series. I submit that this is met by the series in 
which training is combined with strongly adverse selection. 

Secondly, it has been suggested in several quarters that the improve- 
ment manifested may be due to parental instruction, example or emotional 
contagion or other parental influence. This suggestion is completely 
ruled out of court by each of several lines of evidence as follows. 

First, in the case of a number of litters of later T.R. generations, 
I have substituted a foster-mother of control stock (i.e. untrained and 
of untrained ancestry) and the performance has remained unaffected. 

. Secondly, I have made more experiments in crossing the highly 

trained stock with control stock (taking in some cases the father, in others 
the mother, from the trained stock). The results have been closely parallelto 
those already reported (Second Report, p. 208); namely, the performanoe 
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of the progeny is intermediate between that of thé two stocks; that is 
to say, the factor or factors X on which improved performance depends 
are transmitted through the father as well as through the mother, 

Thirdly, under this interpretation there could be no explanation of 
the fact that the facility increases through many generations; a single 
generation of training should give results as well marked as those of 
many generations of training. 

Fourthly, in a number of cases of the T.R. series, I have allowed 
several rats of a given generation to go untrained and have then trained 
their progeny; and in every case these offspring of untrained parents 
have shown very nearly the same degree of facility as their cousins 
whose parents had been trained; that is, they made the number of errors 
appropriate to their generation. 

A third suggestion has been that the slower rats, since they undergo 
immersion in the tank more frequently than the quicker rats, are more 
exposed to the risks of electrocution, and that favourable selection has 
in this way been at work. 

My reply is as follows: I make a note of each rat lost or killed after 
its training has begun. I find in my last note-book which contains my 
notes on the last 208 rats dealt with, that of these 208 rats, 1 was 
mysteriously lost and 3 were electrocuted in the tank, while all the rest, 
204, completed their training. This is a fair sample of the whole; and it 
is obvious that the number lost and killed (2 per cent.) is too small to 
be of any appreciable influence; especially when it is added that electro- 
cution occurs almost without exception in the very early stages of 
training (i.e. while the rats are quite small) and the quicker rats do not 
escape this danger period. 

A fourth suggestion is that the training process (perhaps by way of 
the electric shocks) tends to induce sterility, and that this influence 
would then be more atrongly exerted on the slower rats; hence a favour- 
. able selection. 

My answer is that there is no evidence of ‘such sterilizing influence; 


1 There was one exception to the rule that the performances of the cross-bred progeny 
` is intermediate between those of the parents and very much better than that of the parent 
of untrained stock, an exception so striking that it deserves special mention here. A female 
of а group of 4 controls, which had made 234 errors per rat (group (10) of Table TIT) and 
of which group the best rat made 159 errors, was crossed with a male of the group T.R., 
whose errors per rat were 54. From this crossing б young were born and these 5 cross- 
breds made only 40 errors per rat. This superiority of the cross-bred progeny to the better 
of the two parental stocks may, perhaps, be an instance of ‘hybrid vigour.’ It will be 
remembered that the highly in-bred T.R. stock from which the male parent derives showed 
some evidences of lack of vigour. 


^ 
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and many rats that have gone through a very prolonged training have 
borne large litters; e.g. the 5 rats which figure in the last section of 
Table I (First Report, p. 205) as W.C.. All Б (2 males and З females) 
went through very prolonged training (ranging from 68 to 76 days), yet, 
when interbred, they promptly produced normal litters. 

Lastly, it is only fitting to attempt a reply to the chief criticism 
made by the President of the International Congress of Psychology when 
I presented my Second Report before that Congress at Yale University. 
He asserted that the differences of performance made by rats under such 
conditions as those of my tank experiment are in no way correlated with, 
or expressions of, differences of innate constitution’. It would seem that 
` this view is proper and perhaps inevitable to a mechanist, a logical 
deduction from the view that all details of the animal’s behaviour are 
nothing but mechanical reflex movements. However it is possible only 
to those who have no personal experience of work of this sort or who are 
totally blinded by the mechanistic prejudice. 

If this view were true it would follow that all my arrays of figures 
are mere hocus pocus, arbitrarily chosen to support a prejudice?. I would 
claim that, if my figures were of this origin, if my tables of figures were pure 
fabrications, I could have made out a very much better case; and that 
even a small element of fraudulent manipulation of the figures presented 
in these three reports might conceal some of the weaknesses of the 
evidence of Lamarckian transmission and greatly strengthen the ‘evi- 
dence.’ 

However, in support of the general objectivity of the figures, and of 
the view that the number of errors made in the tank by any rat, and 
more especially that the average number of errors made by the rats of 
any group (and, of course, the larger the group, the more fully is this 
true), does express, or is correlated with, some innate or constitutional 
quality of the single animal, or of the group, I add the following facts 
and considerations. 

My colleague Dr Rhine and I have in many cases trained groups of 
the same stock quite independently and obtained closely similar results. 
For example, most of the generation T.R.,, came to the age for training 
in the summer of 1932 while I was in Europe: 32 of these young rats 
were trained by him in August and made on the average 12 errors per ` 


1 I have to rely here on my interpretation of his spoken words only, and it may be 
that I have not truly understood his remarks. 

2 In fact to put forward this view in criticism of my reports is virtually to say, as 
Bateson virtually said of Kammerer, “The man is a plain liar.” 
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rat (range of errors 3-32). On my return I trained in November two 
belated litters of the same generation (T.R.4,). The one litter made on 
the average 14 errors (range of errors 3-35); and the other litter (for 
some obscure reason) was much inferior,- making on the average 32 
errors per rat (range of errors 18—46). 

Again, in many of these cases of training of two batches of the same 
stock and generation by two observers independently, the two batches 
have been constituted by the splitting of two or more litters between ` 
. the two batches. In one such case the one batch made on the average, 
64 errors, the other 54 errors. In another such case one bateh made on 
the average D3 errors, while the other made on the average DO errors. 
Other similar instances might be cited. 

The severest test of this kind is to allow one observer to train a batch 
without knowledge or suspicion of its origin and affinities and to compare 
his results with those for the group of similar constitution. This we have 
done in a number of cases, and always with satisfactory results. For 
example, I made up a mixed lot from four different stocks, which lot were 
trained by Dr Rhine in complete ignorance of their origins. It included 
5 rats of the group Т.Е... The 38 rats of this group Т.В. made on the 
average 40 errors; while the 5 rats of the same group trained by Dr Rhine 
in ignorance made on the average 53 errors. Since one of the batches 
of the same, group trained by me made on the average 50 errors, the 
agreement was sufficiently close, especially in view of the fact that other 
members of this mixed lot made errors ranging from 12 to 141. In another 
such case Dr Rhine (in ignorance) found an average error per rat of 18, 
while I found 21. In yet another case the corresponding figures for the 
two batches were 40 and 39. f 

We have not been able to conceive any other practicable method 
better caleulated to test the objectivity of our figures. 

I venture the opinion that, if the descriptions and figures given in 
this and the two preceding reports are accepted as truthfully stated and 
reasonably objective, even the wand of the mathematician may not 
easily exorcise the spirit of Lamarck!. 

1 My cordial thanks are due for helpful criticisms, especially to Drs Е. A. E. Crew, 
T. M. Bonneborn, J. B. 8. Haldane, V. Hazhtt, W. E. Agar, and, most especially, to 


Dr J. B. Rhine, who, in addition to many helpful criticisms and suggestions, has given 
much skilled and laborious collaboration during the last four years. 


(Manuscript received 26 July, 1933.) 
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The Energies of Men: Fundamentals of Dynamic Psychology. By WILLIAM 
MoDovaarr. London: Methuen & Co., Ltd. 1932. Рр. xi + 396. 8з. 6d. 
net. 


Prof. McDougall presents in this volume в shorter account of the main doctrine 
which he has developed more fully in his Outline of Psychology and his Outline of 
Abnormal Psychology. The book is intended as в text-book for an introductory course, 
and, in particular, it is intended for use by students who will have no time for more 
than one short course in psychology. Prof. McDougall feels that such students “profit 
little from being made acquainted with a multitude of facte about the nervous system, 
the structure of the sense-organs, and the varieties of ‘sensation,’” and the book there- 
fore deals mainly with the dynamic aspect of mental life. 

The main features of Prof. McDougall’s ‘harmic’ doctrine are well known and it is 
not necessary to discuss them here. But, in this book, there are two important modi- 
fications of the author’s previous presentations. One is the substitution of ‘pro ity’ 
for ‘instinct’ in the discussion of the native endowment of the higher species. The other 
is the introduction of a th of the learning process in which ‘foresight’ is regarded 
as the key to many riddles. ‘Both theso changes add to the clarity and usefulness of 
the work. 


Universtiy of Iowa Studies in Psychology. Nos. хут and xvu. Psychological 
Monographs, xrrv, Nos. 2 and 3. Princeton, N.J.: Psychological Review 
Co. 1933. 


The first of these two new monographs contains three studies in “Clinical Psycho- 
logy,” #.e. “The Effect of Pain Emotional Stimuli and Alcohol upon Pupillary 
Reflex Activity," by W. R. G. Bender: “Some Neuro-Physiological Sources of Action 
Current Frequencies,” by D. B. Lindsey; and “ A Comparative Study of the Achilles 
and the Patellar Reflex mse Latencies as measured by the Action Current and 
the Musole-thickening Methods,” by С. L. Nystrom. The second contains “ A Statisti- 
cal Comparison of Psychophysical Methods,” by F. E. Linder; “The Réle of the 
Concept in Reading Ability,” by P. G. Murphy; “The Threshold of Feeling in the Ear 
in Relation to Artificial Hearing Aids," by S. N. Roger; and “The Eye Movements of 
Good Readers," by Robert Y. Walker. 

The papers are all interesting and of a high order of ability. The decision to produce 
several monographs in 8 condensed form in a single issue was all to the good, for all of 
these contributions have a direct and workmanlike style which adds greatly to their 
force. Prof. Ruckmick and Dr Lee Travis are to be congratulated upon their direction 
of work of & high standard of value. 


Commission Internationale de P Éclairage en succession à la Commission Inter- 
nationale de Photométrie. Huitième Session, Cambridge, Septembre, 1931. 
Recueil des Travauz et Compte Rendu des Séances. Published by the 
Cambridge University Press for the National Physical Laboratory. 1933. 
Pp. 694. 20s. net. 

This beautifully produced book contains a very large amount of material, much of 
which is of the greatest practical and theoretical importance. The main practical 
problems discussed concern street and factory lighting; the use of coloured signals in 
iraffio regulation; cinema lighting; head-lighta on motor-cars; and various lighting 
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uestions in connection with aircraft. Many outstanding theoretical pointe are also 

i some of them terminological and some experimental. The whole forms an 
imposing record of the work accomplished and promised by the Commission, and it 
deserves close study by all psychological students who are. concerned in a study of 
vision. 


` 


The Psychological Effects of Oxygen Deprivation ( Anozemsa) on Human Be- 
haviour. By Ross A. MoFARLAND. Archives of Psychology, No. 145. 
New York. 1932. Pp. 135. 

'This is an admirable monograph containing much that is of great interest to any 
student of human conduct, and indispensable to any writer who is e upon this 
or on cognate topics. In the first part Dr McFarland gives an extremely lucid though 
concise account of the observational and rimental work on oxygen loss which, 
preceded his own. In the second part he фаг and analyses theexperimental results 
which he obtained from an investigation carried out in the Cambridge Psychological 
pane iur d in this country. He shows that while simple sensory and motor responses 
are as & rule not greatly impaired until O, peroentages are lowered to about 8-87, more 
complex reactions, like those involved in з choice reaction test, suffer more speedil 
and radically. Neuro-muscular control begins to be affected fairly early, and wit: 
acute O, loss impairment of motor control is very great. Loss of memory, narrowing of 
the “field of attention” and the prevalence of fixed ideas are all noticed at high 
altitudes. The first effect of O, deprivation may be positively stimulating, but lo 
continued exposure often leads to sleepiness or to emotional outbursts. A very in- 
teresting part of the discussion deals with the effeot of O, in bringing basic personality 
patterns into unusual prominence. An excellent bibliography is included. Dr Mo- 
Farland may be congratulated upon the production of a significant and important 
piece of work, which shows great promise of further development. 


An Introduction to the Computation of Statistics. By SHEPHERD DAWSON. 
London: University of London Press. 1933. Pp. 192. 10s. 6d. net. 


This book provides in a convenient form such statistical material as the laboratory 
worker in the biological sciences is likely to require. Its aim is to avoid as far as 
ible the more theoretical parte of the subject, and although proofs for most of the 
тшшде are presented, the emphasis lies on the formulae rather than on the proofs. 
This is certainly justifiable, for the appeal that the book makes is, as the author in- 
tends, to the шына worker. In the section at the end where all the formulae are 
gathered together, the practical utility of the book might have been made even greater 
if the author had given & brief comparison of the relative pris i of the different 
formulae in different cases. This would have been ially helpful in the case of the 
numerous correlation coefficients that are disc The arrangement of the book 
does not diverge from the usual form, the five chapters being on Tabulation, Measures 
of Central Tendencies, Measures of Dispersion, Sampling, and Correlation. 


General Principles of Human Reflexology: An Introduction to the Objective Study 
of Personality. By УгАргмтв Міснлпоуттон BECHTEREV. Translated by 
Emma and М№пллам Моврну. London: Jarrolds. 1933. Pp. 467. 21s. net. 


Beohterev and his followers have attempted, mainly on the basis of experiments of 

the conditioned reflex type, to replace subjective psychology by an objective science 

` of reflexology. Their experimental technique differs from that of Pavlov’s school in 
that they have studied conditioned motor responses instead of salivary responses, and 
have employed human subjects as well as animals. Some idea of the variety of 
problems in human and animal behaviour which they have attempted to solve, and 
some idea of their main points of agreement and disagreement with Pavlov's resulta, 
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may be obtained from this book; but the descriptions of their pemen given here 
are too brief to be either clear or convincing. Most of the book deals with theoretical 
questions, and is on familiar hehaviouristic lines. It may be hoped that the translation 
into Hagen of this general acoount of Bechterev's views will be followed by the trans- 
lation of fuller descriptions of some of his researches. 


Maternal Behaviour in the Rat. By Bggrorp P. Wiesner and Nonam M. 
Surarp. Biological Monographs and Manuals, No. xi. Edinburgh and 
London: Oliver and Boyd. 1933. Pp. ix + 244. 12s. 6d. net. 


The experiments described in this book were made at the Institute of Animal 
Genetics, at Edinburgh University; and they deal with the relation between maternal 
behaviour and the somatic concomitants of maternity. The authors have employed, in 

- many of their experiments, a new and interesting technique for measuring variations 
in the strength of the maternal ‘drive’—namely, a measurement of the maximum age 
of a young rat which the mother rat will retrieve when the young rat is placed outside 
the nest. This technique is supplemented by careful observation of other components 
of maternal behaviour, such as suckling. A useful summary of previous work is 
followed by a detailed description of maternal behaviour of the normal rat in captivity. 
Experimental tests of the conditions which prolong maternal behaviour beyond its 
usual duration, of the influence of surgical interference with the reproductive organs, 
and of the influence of the injeotion of certain extracta, are then described. It is- 
shown that gonadotropic hormones (e.g. from placental extracts) will induce maternal 
behaviour even in virgin rats. = 

The whole of the work, both experimental and theoretical, ig 8 model of scientific 
caution; and the resulte are an important addition to our knowledge of animal moti- 
vation. But it is a pity that in this book, as in so many others, no nay of the 
experimental results is given either at the end of each chapter or at the end of the book. 


The Psychology of Animals. By F. Atvurpzs. International Library of 
Psychology, etc. London: Kegan Paul, Trench, Trubner and Co., Ltd. 
1932. Pp. viii +156. 9s. net. 


This book does not attempt to give a systematic account of the findings of animal 
psychology, but is, rather, a discussion of the concepts which can be used in inter- 
preting animal behaviour. Dr Alverdes argues that, as we cannot attain absolute 
knowledge, we have to set up ‘fictions’ in order to understand the world at all. In 

ing with animal behaviour such fictions as that “the end determines the means” 
and “the whole determines the " are often more useful than the fiction of 
mechanism. Dr Alverdes distinguishes between ‘explaining’ an animal’s behaviour, 
(e.g. in terms of physiological processes) and ‘understanding’ it by sympathy; and he 
thinks that the latter procedure brings us “into a more direct relation to the observed 
facts.” The argument is illustrated by examples from many fields of animal behaviour. 


Psychologie der Dieren. By Dr Е. J. J. BoyrgNpux. Haarlem: De Erven 
Bohn. 1932. 2 vols. Vol. 1, pp. 273; Vol. rr, pp. 252. 3.80 fr. net. 


These two volumes in the Dutch counterpart of “The Home University Library” 
ive an excellent summary of the present state of animal psychology. The chapters on 
earning, habit formation, and tropisms are especially well written. The author is 
neither a reflexologist nor a behaviourist and is especially critical of Loeb’s tropism 
theory'of behaviour. Therefore a certain amount of anthropomorphizing has crept in 
as an alternative working hypothesis, but not enough to detract from the scientific 
value of the book. 
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Studies in the Dynamics of Behavior. By Carvin P. Strone, CazsTar W. 
Darrow, Carney Lanois and Lena L. Hears. Edited by Kart 8. 
LasHLEy. Chicago: The University of Chicago Press. 1932. Pp. xiv + 
332. 278. 6d. net. 


The three papers included in this volume are a part of a wider programme of 
research into emotional factors in personality and delingu , which has been organ- 
ized under the auspices of the Behavior Research Fund And the Institute for Juvenile 
Research. Prof. Lashley remarks, in the introduction, that “the problems of motiva- 
tion are not yet clearly defined, and much pioneer work is still to be done. The devising 
and evaluating of methods of study is now of far greater value than the accumulation 
of masses of indecisive data.” The papers are therefore to be judged as “an adventure 
in methodology.” 

Dr Stone, in his study of “ Wildness and Savageness in Rats of Different Strains,” 
provides convincing evidence that these traits are heritable, and also shows their 
modifiability by environmental influences. Dr Darrow and Miss Heath, in “Reaction 
Tendencies Relating to Personality,” study in detail the changes in electrical resist- 
ance, Koon ponm etc., of the human body under various conditions, and show that 
there is a relationship between the nature of these changes and the results of tempera- 
ment tests. In the third paper, “ An Attempt to Measure Emotional Traits in Juvenile 
Delinquency," Dr pios fails to find any evidence of a significant relationship be- 
tween the resulte of the available laboratory tests of emotional traite, and juvenile 
delinquenoy. 

Each ol the three papers is a useful contribution to the subject with which it deals; 
but it is difficult to see why such diverse materials should be collected into one volume, 
or to see that any of the papers involve any such radically new methods of research 
as Prof. Lashley’s introduction might suggest. 


Intelligence and Intelligence Tests. By Rex Kniet. London: Methuen and Co. 
1933. Pp. ix + 98. 2s. 6d. net. 


· This little book belongs to the series of Methuen’s Monographs on Ph hy and 
Psychology. It well maintains the high standard already set in this series for lucidity ` 
- and interest. In an untechnical and yet not over-popular fashion it discusses the Two- 
Factor Theory, the Nature of Intelligence, Physiological Accounts of Intelligence, 
Intelligence Tests, Faote about Intelligence and the Uses of Intelligence Tests. There 
is not much that can be said to be original, and the author owes and acknowledges a 
great debt to Prof. Spearman. The exposition is, however, lively, independent, nearly 
always accurate, and undeniably attractive. It is perhaps a pity that the chapter on 
Physiological Аосоопів of Intélligetios seems to have been written merely to assert 
that there are no such things. Practically no notice is taken of experimental work 
bearing upon а possible relation between specific central nervous reactions and certain 
high level mental proceases. But, this apart, the book exactly serves its purpose. 


The Method and Yi shaq tus of Teaching. By PEROrvAL R. Core. Melbourne: 
Oxford University Press. 1933. Pp. x + 388. 125. 64. net. 


This book is intended to serve as a.practical guide to the school teacher, and 
especially to the teacher who has to occupy himself with a number of different subjects. 
General methods are discussed under the heads of ‘stimulative teaching, associative 
teaching, incentives to learning, varieties of: procedure, preparedness, sequences, 
interest, thoroughness, class government and discipline, questioning and examining.’ 
The various special subjects are then dealt with, numerous illustrations being given. 
Although the book is a little on the long side, it is uniformly clear and sensible. Dr 
Cole writes obviously with much first-hand experience, and there must be few school 
teachers who could not benefit considerably by a perusal of his recommendations. 
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The Development of гонио in Young Children. Ву Louisa C. WAGONER. 
New York: MeGraw-Hill Book Co., Inc. $2.50. 


This book is in part a time-table of the successive acquisition of skills by young 
children, and in an attempt to describe the methods and problems of early learn- 
ing. The time-table is of considerable interest. From her own experience in a nursery 
school and from the data of other child psychologists, Wagoner composes a, cinemato- 
graphic picture of the child in process of learning control of its body, habits of eating and 
sleeping, the use of language, co-operation with others and emotional responses. Based 
on wide observation and experiment, the sequence represents the order of capacity to 
learn. And Wagoner emphasizes that consideration for the capacity for learning is 
the first factor in successful training. As well as serving as 8 guide for those who deal 
with children, the juxtaposition of material from many sources bearing on particular 
stages of development is one more step in remedying confusing scatter of psycho- 
logical Helper 

Methods of learning are perhaps lesa satisfactorily handled. The first chapters are 
devoted to a description of types of animal learning, their counterparts in child 
learning, and a rather sketchy intimation of the ways in which the child is better 
endowed for learning than the animal. The application of this scheme of learning 
processes to the material in the body of the book consists merely in calling attention 
now and then to examples of the processes listed. There is no systematic attempt to 
show what methods are suited to aming different things, what methods are used at 
different ages, or how the methods are combined as learning advances. The most 
in ing theme in the book is “the frequent difference between what the child 
learns and what the adult thinks he is teaching.” To discover how this unintentional 
teaching occurs—how distastes for food are developed in the very act of teaching the 
child to eat, or wakefulness induced in trying to send the child to sleep—Wagoner 
points out that it is necessary to be alive not only to the different types of m but 
also to what aspect of a situation is of importance to the child. Without pressing 
excessively the significance of these child values, or over-emphasizing their difference 
from adult values, she insists on a healthy respect for them for the purpose of teaching, 
and for the sake of the happiness of the period of childhood itself. - 


Child Upbringing and the New Psychology. By R. A. Howpen. Foreword by 
WinLrIAM Brown. Oxford University Press; London: Humphrey Milford. . 
1933. Pp. x + 105. 2s. 6d. net. 


This is another case in which ‘new’ has nothing much to do with time, for the 
psychology of which Mr Howden writes has now attained a respectable age. However, 
the book is on the whole very straightforward, clear and sensible and will be found 
useful by parents and teachers. There is perhaps one акуш Parenta and teachers 
who are urged to improve their methods of dealing with children have for the most 
part been brought up in very different ways themselves. They may be made a good 
deal more uneasy about the probable disasters that await their charges than the 
children themselves and this may be more than a httle bothersome to & normal and 
healthy child. However, Mr Howden maintains a level balance of mind and his book, 
unlike some others, should not unduly worry the adult. 


Kindheit und-Jugend. Von Cuartorre Вӧнінн. Leipzig: S. Hirzel. 1931. 
Third, enlarged and revised edition. Pp. xviii + 434. RM. 10. 


The third edition of this well-known book differs from the first two in that there 
is less theoretical speculation—which has been reserved for a separate work—, a more 
thorough incorporation of the relevant literature into the body of the book, and a 
chapter on eroticism and sexuality in early childhood. As before, the main theme is 
the analysis of a number of phases that show themselves during childhood, each 
phase being quite distinctive and growing organically into the next. These phases are 
organic in the same sense as that of a tree, which leaves definite rings as traces of ita 
yearly growth. 
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It is astonishing with what exactitude the descriptive methods are now applied to 
the problems of child psychology—for the book is very largely based on statistical - 
evaluation of questionnaires and diaries—without, however, in the least losing in 
interest or vitality. It is of great value to the social psychologist as probably the best 
example of this kind of method, upon which he has to rely almost entirely: The danger 
is that the next stage must inevitably lead to the formulation of a theoretical structure 
as difficult to test directly as is the theoretical structure based on the empirical 
findings of psycho-analysis. The book gives little information about the development 
of the sense perceptions in general. Thus the immense field of research on eidetic 
imagery is dismissed in three pages of almost entirely negative criticiam. It seems not 
unreasonable to expect that accurate experimental research may lead to quicker and 
more direct methods for analysing ке osing the various phases of ohildhood, 
even at ages earlier than those reached be Шаке or questionnaires. It would add to 
the value of the book from the student's point of view if in later editions more attention 
is paid to strictly experimental resulta. 


The Mind of the Child: A Psychoanalytical Study. By CHARLES BAUDOUIN. 
Trans. by E. and C. Paur. London: George Allen and Unwin, Ltd. 1933. 
Pp. 282. 10s. net. 

This book deals with Complexes of the Object, Complexes of the Ego, Complexes of 
Attitude, Relations and Regulations, and concludes by giving some Hints to Educators. 
The title assigned to the volume is perhaps a trifle wide, for most of the abundant 
illustrative material concerns children who certeinly deviate from the usual by 
exaggeration if not in other ways as well. The ‘mind’ that is revealed is ај e, not 
of disorder, but of rank and rather unhappy growth. But as long as parents who read 
this kind of literature are not themselves straightway plunged into dismal anxiety and 
Boe foreboding, perhaps no great harm, and some good, may be done. The trans- 

tion reads well. 


Le Suicide. Par CHARLES BLONDEL. Strasbourg: Libraire Universitaire 
d'Alsace. 1933. Pp. 134. 


For a long time past French psychologists and psychiatrists have been very much 
attracted by the study of the incidence and causes of suicide. This is partly because of 
the interest of the subject-matter, but largely because there has developed about the 
study a first-class controversy between the statisticians and sociologists, and those who 
are devoted to more individual studies, the psychiatrists. Among recent writers the 
sociologists are best represented by Halb ’ Les causes du Suicide (1930) and the 
psychiatrists by Achille Delmas’ Psycho ie du Suicide (1932). Now comes 
Prof. Blondel with this altogether admirable and balanced monograph, in which he 
criticizes both sides and at the same time recognizes the neceasity of both. Blondel 
has not only used well his great opportunities for original psychiatric observation, but 
he is also a very excellent psychologist who writes with humour and judgment. In 
this monograph the difficulties of statistical study are set forth fairly, with great 
clarity and with sufficient illustration. Similarly the dangers of onesidednees which 
may attend purely individual studies are fully ized. Blondel’s conclusion could 
with advantage be applied in other directions as well: “‘Espérons qu'en présence d'un 
objet d'étude qui leur est, pour une large part, commun, sociologie et psychiatrie 
renonceront à ве le disputer &prement et sauront enfin, pour le plus d profit de la 
connaissance, se donner mutuellement audience et combiner leur effort.” 


І? Amour et P Emotion chez la Femme. Par ANDR& Bwer. Paris: Félix Alcan. 
1933. Pp. ix + 165. Н 

The author of this book is a professor agrégé in the Faculty of Medicine at Nancy. 

After a general introduction which connects emotion with all kinds of fundamental 

and acquired active tendencies, the book describes and discusses characteristic emo- 
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tions and emotional states connected with love as they may be exhibited from infancy 
to old age. Although the treatment is mainly in general terms, and the author has & 
liking for the epigrammatic generalization, it is interesting throughout and sometimes 
` very acute. On the whole he has little patience with Freudian types of interpretation. 
A very interesting ohapter on mystical love expresses some much needed doubts as to 
whether the sexual character of many accounts of religious exaltation may not be due 
in the main to limitation of vocabulary. The book is in fact sensible, somewhat 
conservative, often witty in an attractive mamner, and not without humour. 


Why War? By ALBERT EINSTEIN and SiamunD FREUD. An International 
Series of Open Letters, No. 2. London: George Allen and Unwin, Ltd. 
1933. Рр. 57. 6s. net. 


Prof. Einstein was invited by the League of Nations and ite International Institute 
of Intellectual Co-operation to invite anybody he chose to a “frank exchange" of 
views on any problem. He therefore wrote to Freud asking "Why War?" Hoe added 
that war occurs because small groups want power, but that what wee him is why 
larger groups obediently fit in with this desire. Here Einstein's letter and Freud's 
reply are printed. Each eminent professor congratulates and agrees with the other. 
If only all people could be genuinely ‘international’ war might possibly end. But 
Freud also thinks that it might not. For “it would seem that any effort to replace 
brute force by the might of an ideal is, under present circumstances, doomed to fail.” 
He then takes ilio obvious opportunity to expound again—very luoidly—his well- 
known view that human actions are the outcome of two sets of instincts, the erotic or 
constructive and the ive or destructive. The latter set are alternatively called 
the “death instinct.” One group cannot get on without the other, so whatever builds 
up life must also destroy life, and what can we do about it? Freud seems to find his 
views rather disappointing and he rightly surmises that others may agree with him in 
this respect. Six shillings seems a lot to be asked to pay for the slender amount of 
wisdom and psychology that appears in these “open letters.” 


The Psychology of Consciousness. By С. Пату Kine. International Library of 
Psychology, etc. Kegan Paul, Trench, Trubner and Co., Ltd. 1982. 
Pp. xv +256. 12s. 6d. net. 


Mr Daly King Spo nd and oriticizes a number of current views of consciousness, 
and argues that psychologists usually deal only with the fringe of the subject, evading 
the central Problema Dr W. M. Marston's ‘psychonic’ theory is accepted as an 
account of the physiological basis of consciousness, but not as a theory of its ultimate 
nature. Consciousness itself, Mr King argues, must not be confused with thoughts, 
emotions, or sensations, for all these are objects or contents of which consciousness is 
aware; “consciousness itself is immediate awareness." Mr King discusses the possi- 
bility of increasing the degree of our consciousness, and feels that it is both possible 
and desirable. 

Mr King's criticisms of ourrent theories are written in a lively and amusing way; 
but his exposition of his own views is often obscure. One does not quite know how to 
take his remark (on p. 145) that Kant’s Critique of Pure Reason is “open to the gravest 
suspicion of prematurity.” ` 


The Spirit of Language in Civilization. By Karu Vossurr. Translated by 
Oscar OxszR. International Library of Psychology, ete. London: 
Kegan Paul, Trench, Trubner and Co., Ltd. 1932. Pp. vi- 247. 
12s. 6d. net. 


The dominant theme of this book is the continual conflict between the two aspects 
of language, which Vossler calls the magical and the mystic. Philology is at first con- 
cerned almost entirely with the former; but as soon as mere deacription of sounds and 
historical deduction of roots is abandoned in favour of interpretation and funotional 
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analysis, the student of language is involved in psychological and philosophical con- 
cepts, which again can be communicated only by means of,language. In spite of his 
peculiarly flowery style and the difficulties inherent in the subject, Vossler succeeds 
in presenting a very interesting account of the dual aspect of language and of the 
reciprocal influence of the one on the other. He traces the part played by both 
natural and artificial languages in welding together communities, and the es 
that take place in the structure of 8 language when the attitude of a community 
towards religion or towards its social structure changes. 


*Die Rechenfehler, ihre psychologischen Ursachen und ihre Verhütung. Von 
Prof. Dr J..SggMANN. 1931. Pp. 122. RM. 3.20.! 

This is the best exposition of the causes and prevention! of arithmetical and alge- 
braic errors that has come under the reviewer's notice. The part played by causes 
such as optic, acoustic, motor and kingesthetio i es, perseverations, inhibitions, 
and various attitudes towards the task and the type of work are clearly and succinctly 
stated and anal With the help of numerous examples the teacher is shown how to 
develop methods for helping the pupil to overcome the various sources of error. 


*Das Problem der Schülerbeurteilung. Von Prof. Dr Арогғ BRUCKNER. 1931. 
Pp. 90. RM. 2.20. ` Е 

The author works out correlations between the ies fn school children for 
intelligence by each other, by their teachers, and by intelligence teste. For ages 
15-17 the correlation between test and scholastic achievements and between test and 
teacher ranking is very low. This is explained by the unstable state of the adolescent. 
To be of muoh use, therefore; intelligence tests have to become tests of individual 
temperament and character at these ages. 


-*Korperbildung und Personlichkeit. Beitráge zur pädagogischen Grundlegung der 
körperlichen Erziehung. Von Dr Hans MóckzLMANN. 1933. Рр. 96. 
RM. 1.80. 

The author gives & clear and interesting account of the differences between the 
Greek attitude towards gymnastics, and the modern tendency towards specialization 
in sport. His discussions and recommendations on the subject of physical education 
are based on the psychology of types, particularly that developed by Jaensch and the 
Marburg school. He shows that Kreteohmer's physical types cannot be used as a 
basia, since there would seem to be no correlation even between his types and physical 
achievement, let alone between them and characteristio attitudes of mind, or the 
resulte of Jaensch’s and Mockelmann’s psychological tests of various kinds. 


* Bidetik und Schulunterricht. Von MARGARETE ZIMMERMANN. .1931. Рр. 88. 
RM. 2.40. 


A useful summary of the literature on eidetio imagery. 


*Psychoanalyse und Pädagogik. Von Prof. Dr Ernst Вонмегрев. 1930. 
Pp. 72. RM. 2.30. 

A straightforward introduction to peychoanalyms for teachers, free from too much 
theorizing about the nature of the unconscious and the like. The chapter on the analysis 
of difficult situations in educational practice and their treatment is clear and to the 
point. š i 

* The books marked with an asterisk are all part of the series “Friedrich Mann's 


Padagogisches Magazvn, Abhandlungen vom Gebiete der Padagogik und ihrer Hilfewissen- 
schaften." Langensalza: Hermann Beyer und Bohne. 
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“Die Grundlagen ewer experimentellen Bildungspsychologie. Von Dr WERNER 
Straus. 1931. Pp. 104. RM. 2.70. 


The first part works out a systematic approach to the tasks, problems, and possi- 
bilities of an experimental psychology of education. The second part is a summary of 
contemporary psychologies in Germany, also fram the standpoint of systematic theory. 


Neue Versuche über Denktypen. Von Kanu Орихвлон. 1932. Рр. 84. RM. 
3.90. 


The author tested some 2000 children with seventeen tests all taken or modified 
from standard intelligence teste. He analysed the results to show the method adopted 
by a child in arriving at в solution of a given problem. Nearly 1600 belo: to what 
he calls the ‘katacentrio’ thinking type; that is, they found a solution not by adhering 
to formal lines, but in various subjective ways by ranging irregularly and synthetic- 
ally over the whole of experience. He concludes that there ought to be a far closer 
interrelation between school subjects, and a good deal of Соран especially with 
young children, on teaching and argument by analogy. Incidentally his results show 
very clearly how hopeless the task and the attempting of general intelligence testa must 
remain until the psychology of types in general and of thinking types in particular has 
become olarified. 


*Psychologie der Oberstufe. Beitrag zur Reform der Bildungsarbeit. Von OswaLD 
Квон. 3rd and 4th revised and extended edition. 1933. Pp. 356." RM. 
6.60. 


This book is a companion volume to the same author's Psychologie des Grund- 
schulkindes and an excellent complement to purely psychological works like those of 
Ch. Buhler. The first part deals with the development of the rational and aesthetio 
functions before adolescence, the second with езде; and the third discusses thé 
whole question of reform in the educational aims and methods of the upper classes in 
German Volksschulen. But because the author, who is Professor of education at 
Tubingen and an experimental psychologist of note, also haa wide experience of school 
teaching himself, the book is equally valuable to all educational psychologists and 
teachers who are interested in education as well as in teaching. 


*Mutter und Sohn. Vom Werdegang Vaterloser Halbwaisen. Von Dr Karu 
CraAuss. 1931. Pp. 104. RM. 3.00. 

This is а careful and sympathetic investigation of the problems posed throughout 
the various phases of school life by the education of boys by their widowed mothers. 
The author follows Kerschensteiner in classifying mothers into ‘active’ and ‘contem- 
pame types and analyses the special difficulties created by each in dealing with 

er sons. : 


* Mslieu und Selbstbestimmung in der individuellen Entwicklung. Von Dr WALTER 
Popp. 1930. Pp. viii + 166. RM. 4.30. . 
The author regards the mental or psychological environment as being of infinitely 


greater importance than the physical and in this book studiea the reciprocal influences 
at work between the will and the environment. 


Woman's Periodicity. By Many Онарутак. London: Noel Douglas. 1933. 
Pp. 228. 65. 

The book begins with a brief anthropological and historical study. It then proceeds 

to discuss the reactions of children to menstruation phenomena. A third section deals 

with the symptoms of periodicity in adult life, both normal and pathological, and with 
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their relation to certain family and other social problems. A final chapter deals with 
changes consequent upon the final cessation of menstruation. The book will veis oed 
serve a useful purpose, though it is rather Jong and not vastly interesting. The discus- 
sion is general in character 

A bibliography is appended. 


The Philosophy of Yoga: Containing the Mystery of Spirit and the Way of Eternal 
Bliss. By ELIZABETH HARPE. London: Lunzae and Co. 1933. Рр. 55. 


The Place of Minds in the World. By Sir МпллАм Mrroggrr. Gifford Lectures 
at the University of Aberdeen, 1924-6. London: MacMillan and Со. 1933. 
Pp. xxv + 374. 12s. 6d. net. 


PROCEEDINGS OF THE 


BRITISH PSYCHOLOGICAL SOCIETY. 


June 17, 1933. 


May 2, 1933. 


May 23, 1933. 


May 24, 1933. 


June 28, 1933. 


June 9, 1933. 


GENERAL MEETINGS. 
General Meeting at Bethlem Royal Hospital, by invitation of the 
Governor and Physician Superintendent. 
Papers. 
1 (a) "Measurement of Mental Tension in Psychiatry.” 
ë By Wm. Stephenson, M.Sc., Ph.D., Ph.D. 
1 (b) "Scope in Manic and Melancholic Conditions." 
By M. MacKenzie, M.D., M.R.O.P. ' 
2 (a) “Measurement of Mental Deterioration.” 
By Constance À. Simmins, M.A. 
2 (b) “Significance of Deterioration Measurements.” 
By D. M. Kapp, B.8o., M.B., B.S. 
8 (a) " Measurements of the Speed and Flow of Mental Aotivity.” 
By Grace L. Studman. 
3 (b) “Psychiatric Consideration of the Measurements.” 
By W. Н. de B. Hubert, B.A., M.R.C.8., L.R.C.P. 


LECTURES. 
“The Backward Child.” 
By Prof. C. Burt. 
“Recent Views on Primitive Mentality.” 
By Prof. M. Ginsberg. 


SECTIONAL MEETINGS. 


MuproAr. 
Symposium: “Gynaecology and Psychological Medicine.” 
Papers by Dr Alok Bourne, Dr Leonard Phillips, and 
Dr C. P. Blacker. Discussion opened by Dr Marjorie Edwards. 
* Medical Psychology or Academic (Normal) Psychology; a Problem 
in Orientation." 
By Dr Edward Glover. 
AXSTHETIOS. 
“The ‘Significance’ of ‘Significant Form." 
By Mr John Alford. 
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I. INTRODUCTION. 


MELTZER (8) recently reviewed the experimental literature bearing upon 
that aspect of the theory of repression which posits a relationship between 
hedonic tone and conscious memory. He concluded that there were no 
unequivocal results on this problem because investigators have looked 
for universal laws instead of studying individual differences by adequate 

1 Another important aspect—outside the scope of this paper—involves the hypothesis 
that what is repressed, though inaccessible to conscious memory, is nevertheless unoon- 
sciously preserved. 

J. of Payoh. xxiv. 3 16 
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statistical methods. We dissent from Meltzer’s interpretation and suggest 
that present results are inconclusive mainly because the problem of the 
relation of hedonic tone to memory has never been clearly defined. Indi- 
vidual differences are always to be expected, but if such differences are 
construed in terms of the degree to which required general conditions are 
being satisfied, they in no way conflict with the operation of universal 
laws. It is, however, necessary to define the conditions under which the 
operation of a supposed general relationship is to be observed. 

Now, in practically every one of the experimental studies reviewed by 
Meltzer, the experimenter has either worked with 8 sort of hedonic tone 
that is unrelated to the theory of repression, or has failed to develop 
under laboratory control the experiences which are subsequently to be 
tested for recall. Sometimes both mistakes have been made. 

Whether or not there is an ultimate difference between conative and 
non-conative hedonic tone, there is certainly such a difference on the 
phenomenal level. The pleasantness or unpleasantness associated, for 
example, with sensory stimulation is not the same as the hedonic tone 
associated with conative activity, striving to succeed. In non-conative 
hedonic tone the state of the total organism is less fully involved than in 
conative hedonic tone. There is also a difference in psychological direc- 
tion of reference. Sensory pleasures and pains seem to be due to outside 
stimulation and not to be directly related to the individual’s sense of 
responsibility. But conative hedonic tone derives from the success or 
failure of'a subjective purpose and is thus more closely connected with 
the individual’s self-esteem. 

Tf, with this distinction in mind, we turn to the Freudian theory of 
repression (1), we find that it is the conative type of hedonic tone which is 
there supposed to be significantly related to memory. More specifically, 
repression is supposed to operate for negative (unpleasant) hedonic tone 
of the conative type and, more specifically still, for such negative hedonic 
tone as results when a need is frustrated because of conflict with the 
individual's desire to preserve his self-respect (super-ego). These conditions, 
it need scarcely be said, must be satisfied by any experiment that is to be 
regarded as a test of the theory of repression. 

As a matter of fact, however, very few such experiments have been 
done. These few were, moreover, faulty in technique, because the 
experiences measured in them for recall were not developed in the 
laboratory but occurred in the everyday life of the subjects outside 
(cf. 8). So far as we know, there have been practically no experiments in 
which the experiences measured for recall were both of the type required 
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by the theory of repression and, at the same time, products of laboratory 
control. 

One or two minor exceptions should be noted. An experiment by 
Koch @), in which good and bad grades on examination papers were re- 
called by students after an interval of time, very nearly fulfilled the 
required conditions. Though the results of this study were not so in- 
terpreted by the investigator, they seem to us to support the Freudian 
theory. Zeigarnik(6) worked on the recall of finished and unfinished 
tasks and found that the latter were much more frequently recalled than 
the former. Although the tasks were not in general presented as a test of 
personal merit, when certain of them which had, for one reason or another, 
been so taken were interrupted, evidence of repression incidentally 
appeared ((8), p. 77). 

In the experiment we are about to report an attempt was made to 
confirm the indications of the work of Koch and -Zeigarnik. The ex- 
periences to be recalled by the subjects were calculated to satisfy the 
conditions described above as necessary for the testing of the Freudian 
theory, and these experiences were produced in the laboratory. Because 
of obvious limitations, however, even this experiment must be taken as 
nothing more than a preliminary study with very large probable errors. 


П. TEOENIQUE. 


The subjects were 40 children—25 boys and 15 girls—ranging in age 
from 5 years and 6 months to 14 years and 8 months. All of them were 
inmates of the New England Peabody Home for Crippled Children in 
Newton, Massachusetts!. 

To arouse a genuine need in the subjects, the experiment was con- 
ducted as a contest. The children were informed by one of their teachers 
that they were to be given a.test to determine how well they could do 
puzzles and that 8 prize would be awarded to the one who did best. We 
then had as incentives both the challenge presented by the puzzles and в 
lively spirit of competition for the prize. 

The subjects were, individually given a series of jig-saw picture 
puzzles to solve. Each of these puzzles consisted of from four to eight 
pieces of wood which, when properly assembled, formed a board one foot 

1 This opportunity may be taken to extend our thanks to Mra N.S. Smith, Miss Vivian 
Jewett, and Miss Anita Daniels of the Peabody Home for their kind interest and co- 
operation, and to Dr H. A. Murray of the Psychological Clinic for many helpful suggestions. 
We wish also gratefully to acknowledge а grant from the Committee on Industrial Physiology 
of Harvard University that made h research possible. 
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square and one-half inch thick, on one face of which the picture of some 
common object was represented in burnt lines. The objects depicted were 
as follows: Butterfly, Clock, Boat, Bed, Swan, Cannon, Telephone, Horse, 
Automobile, Plant, Bottle, Flag, Engine, Grapes, Map, Lamp, Coat, 
House, Book and Man. Since the difficulty of the puzzles varied, it was 
possible to make а selection appropriate to the age and ability of each child. 

On their arrival in the experimental room the subjects were given a 
set of uniform instructions about the contest and the procedure of the 
examination. It was especially impressed upon them that varying 
amounts of time were allowed for the solution of the different puzzles 
according to their difficulty. They wére then given a card on which was a 
miniature reproduction of one of the puzzles in its completed form to 
study for half a minute. After this they received the corresponding 
puzzle to solve, together with a piece of heavy cardboard of the same size 
as the completed puzzle, on which the blocks had to be assembled. A 
period-of one hour was allowed for each child and as many puzzles were 
given as could be done in that time. Some of the subjects did as few as 
four puzzles while others did as many as fourteen in the given time. 

The experimenter allowed each subject to succeed in half the total 
number of puzzles attempted, and caused him to fail in half. (In only 
one case was it found impossible to arrange an equal number of successes 
and failures and here there were six of the former and four of the latter.) 
To the subject, who was not aware of this arrangement, the results 
obtained seemed dependent upon his ability to perform the tasks. When 
a subject was not allowed to complete a task, he was stopped just after or 
just before Бе had assembled half the number of pieces in the puzzle. It 
was assumed that at this stage in his work he would be definitely in- 
terested in the solution and so really experience frustration. At the same 
time he would not, as a rule, be far enough through the solution to com- 
plete the puzzle mentally. After a puzzle was successfully completed, in 
order to impress the fact of success, the experimenter made a remark such 
as “That’s good”; and after failure he would say something like: “You 
didn’t do that one so well.” A one-minute interval was then allowed to 
pass in conversation with the subject about the puzzle just done. 

An attempt was made to pair the puzzles given to each subject so 
that the time spent on any puzzle successfully completed would be just 
equal to that spent on some puzzle not completed. In fact, however, it 
was not always possible to do this and at the same time control the 
amount of work done and, when necessary, we retained the latter con- 
dition at the expense of the former. 
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After about forty-five minutes, an interval of one minute was allowed, 
following which these instructions were given in a conversational tone: 
“Now, I want you to tell me the names of all the picture puzzles I aaked 
you to do.” The experimenter then recorded everything said by the 
subject and spoke only after the latter had been silent for two minutes. 
The subject was then asked, “Can you remember any more?” If the 
answer was “No,” the recall was regarded as ended. The following 
instructions were then given: “Next, I will read the list of all the puzzles 
you did. As I read the name of each puzzle, I want you to tell me whether 
you liked it, whether you didn’t like it, or whether you do not remember 
whether you liked it or not.” After this followed the instructions: “Now, 
I will read the list again so that you can tell me whether you didn’t 
finish the puzzle I name, whether you did finish it, or whether you do not . 
remember.” The subjects were finally asked: (a) “Did you enjoy doing 
these puzzles?”’; (b) “Do you feel that you did tlie puzzles well?” ` 

The children were then urged to promise that they would not tell 
anyone what they had done in the experimental room. The teachers had 
also made it clear to them that they were under no circumstances to 
discuss among themselves what went on during the test. These pre- 
cautions had to be taken in order to ensure a controlled recollection of the 
puzzles. 

А. record was kept of all behavioural manifestations of excitement 
during the experiment. 


III. GENERAL RESULTS. 
(1) Recall difference scores. 

Table I summarizes the results of the experiment. The general result 
was as follows: Letting C represent a successful puzzle and X an un- 
successful puzzle, 16 subjects recalled more C's than X's, 13 recalled 
fewer C's than X's, 9 recalled an equal number of C's and X's, and 2 
recalled none of the puzzles. One of those who recalled C’s and X’s 
equally recalled all of the puzzles. We shall later enquire in more detail 
into the individual characteristics of each of the chief recall groups just 
mentioned. ° 

Throughout the remainder of this paper we shall speak of ‘recall 
difference scores’ and shall compute these by means of the formula 
Ё С°з recalled X’s recalled 

Csgiven > X'sgiven ^ . 
The recall difference score will be expressed as a percentage. If more C's 
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Table I. Summary of experimental data. 


Name OA. МА. RC. C:X RD. PR. 

1 GL. 5-6 bb С 8:3 0 +2 
° T.M. 5-9 53 — 2:2 +60 0 
3 M. Mol. 6-0 42 0 2:2 0 -2 
4 W.T. 6-2 48 C 2:2 0. -1 
5 — A.Pe. 6-2 5-8 0 3:8 о +1 
6  N.McD. 6-6 42 C 2:2 0 -1 
т Е.К. 6-7 5-9 C 2:2 +50 +l 
8 OD. 6-9 6-5 C 4:4 -50 +l 
99 B.L. 7-2 6-10 С 3:3 0 -1 
10 W.D. 7-2 8-0 O 4:4 `-0 +2 
п W.G. 7-8 61 C 4:4 0 -2 
12 L.H. 7-10 74 X 6:4 +285 +1 
13 L.A. 8-0 81 X 55 -20 +3 
14 Е.М. 8-3 Tl C 3:3 +33 -2 
15 LC 8-3 6-9 C 4:4 +75 +2 
16 М.С. 844 8-0 CO 6:5 -20 +2 
17 W.S. 8-5 8-0 — 4:4 0 +l 
18 F.F. 8-7 84 X 6:5 +40 +l 
19 B.W. 8-8 83 X 5:5 +% +2 
2 R.B. 8-9 8-0 © 6:5 -90 -2 
21 J.B. 810 85 O 6:6 +16 -l 
22 M.R. 9-1 82 © 6:6 -17 -l 
3 F.O. 9-2 8-5 O 4:4 0 41 
24 М.Ј. 9-8 6-0 C 4:4 -50 -2 
25 W.A. 91 91 X 66 +50 -2 
90 A.G. 10-0 H1 X 7:7 0 +3 
97 Е. Со. 1065 10-10 X 7:7 +4 +? 
28 O.M. 10-7 88 X тт -99 +2 
20 P.H. 10-7 8-1 О 6:5 -2% +1 
30 M.M. 11-0 9-0 — 5:5 ,-20 +2 
81 В.Р. 11-2 8-2 O 6:6 0 +l 
32 A.D. 1-9 1221 X 7:7 +14 +? 
33  B.A. 11-2 811 X 7:7 -567 -2 
4 ЕР. 120 11-2 X 7:7 -14 42 
35 A. Pa. 1-2 I- X тт +29 48 
36 А.О. 13-210 8S X 7:7 -l4 +48 
$87 W.W. 14-0 132 > X 7:7 414 +1 
88 W.Y. ма ПИ X 6:5 +40 +3 
3 N.A. 144 12-2 X 7:7 +4 42 
4 CR 1-8 пә ZXZ 6:6 +17 +2 


С.А. =Chronological age. 
M.A. — Mental age. 

В.О. = Repetition choice. 
С: X «Successful puzzles attempted in comparison with unsuccessful. 

š C's recalled X’s recalled 

R.D. = Reoall difference = e given - Xs given (expressed as per cent.). 

P.R. — Pride rating. Ü 

than X's were recalled, the score is positive; if more X's than C's, the 
score is negative; if an equal number of C's and X's, the score is 0. The 
group of subjects who recalled more C's than X's will thus be called the 
‘positive’ group; those who recalled fewer C's than X’s will be called the 
‘negative’ group; those who remembered an equal number of C's and 
X’s will be called the ‘neutral’ group. 
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The order in which the successful and unsuccessful puzzles were 
recalled might be expected to be of some significance. Our results, how- 
ever, revealed nothing in this connection that is worth reporting. 


(2) Reports on the outcome of the tasks. 


The subjects were asked to state, as they heard the names of the 
puzzles, whether they had or had not finished them. These reports should 
enable us to determine whether the impressions of the outcome of their 
previous attempts had become distorted in the course of time. It is true 
that the data which we are about to discuss might be regarded as a record 
of the actual impression made upon the subjects as they attempted each 
of the puzzles. The present reports would then indicate whether the 
subjects had subjectively, even if not objectively, solved the puzzles, and 
whether they had failed to solve the puzzles subjectively even if they 
had solved them objectively. However, the children were specifically 
asked to report the actual test result for each puzzle. It is, moreover, 
unlikely that there were many subjective completions in the absence of 
objective ones. We therefore consider that the present results represent 
the distortion through time of the experiences originally registered. 

There was a tendency for puzzles to be reported as finished more often 
than as unfinished, though the- subjects made as many unfirfished as 
finished attempts. Twenty of the subjects described more of the problems 
as finished than as unfinished, 15 reported as many unfinished as finished, 
while only 5 described more as unfinished than as finished. Considering 
the 51 errors only, 14 were C-puzzles mistaken for X, whereas 37 were 
X-puzzles mistaken for C. Of the 18 cases in which the subjects reported 
that they did not know whether they had or had not finished the puzzle, 
11 were X, 7 were C. We might expect that the positive recall group 
would show more distortion in favour of O than would the negative 
group, and this expectation proves correct. Of the 16 who recalled C 
better, 10 reported that they had finished more than they had not, 1 
reported the opposite, and D reported that they had finished as many as 
they had not finished; of those who recalled X better, 8 reported having 
finished more than not, 1 the opposite, and 4 evenly. Of those who 
recalled O and X evenly, 4 reported having finished more than not, 3 the 
opposite, and 4 evenly. All three groups distorted the results in favour of 
C, but the neutral group remembered the resulta a their work with least‘ 
distortion. 
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(3) Reports on hedonic tone. 


On the basis of other work (4, 5) we should expect that, on the whole, 
the unfinished puzzles were unpleasant. In the case of the present experi- 
ment the situation in this respect is not perfectly clear. Each puzzle had 
a pictorial representation and this may have influenced affectivity. Also, 
the reports on hedonic tone were made some time after the affective 
experiences had occurred, and in the meantime.the subjects had been 
trying to recall the puzzles and had stated whether or not they had 
finishéd them. Further, the tasks themselves followed in a constant 
succession, so that one experience might have obscured the others in 
recollection. Nevertheless, there was a greater tendency to call the X- 
puzzles unpleasant than to call the C-puzzles unpleasant, and, conversely, 
there was a more marked tendency to call the C-puzzles pleasant than to 
call the X-puzzles pleasant. The figures for these ‘tendencies are as 
follows: of the 189 X-puzzles given, 123 were called pleasant and 66 
unpleasant; but of the 191 C-puzzles given, 167 were called pleasant 
while only 24 were called unpleasant. There was, however, & general 
tendency to call all of the puzzles pleasant. This may be accounted for by 
the facts that more C-puzzles than X-puzzles were recalled and that а 
good many puzzles "which had actually been X were recalled as C. 
Furtherfnore, the puzzles were, on the whole, fun to the children, and so 
would be called pleasant rather than unpleasant in case of doubt. 


T IV. INTERPRETATIONS. 
(1) Repetition choice. . 

In attempting to relate the results on recall to the rest of the data we 
have obtained, the first thing we must consider is the manner in which the 
present results compare with those on the same subjects in a previous 
experiment(5) It was there found that the younger subjects consistently 
chose to repeat puzzles in which they had previously had success, whereas 
the older ones chose to repeat puzzles in which they had previously 
experienced failure. This difference in repetition choice correlated with а 
difference in teachers' ratings on the trait of pride, in which the younger 
children had а markedly lower average than the older ones. It was 
Jsuggested by way of interpretation that the older children, because 
prouder, were more sensitive to failure and strove for self-vindication, 
whereas the younger children were not wounded by failure and so 
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ignóred it. Since the same subjects! participated in the present experi- 
ment, a comparison is possible. 

Those subjects who preferred to repeat, the C- moki in the previous 
experiment tended to recall the X-puzzles in this and those who pre- 
ferred to repeat the X-puzzle tended to recall the C-puzzles. Of the 11 
Subjects in the repeat-C group who recalled differentially, 7 recalled the 
X-puzzles better, while only 4 recalled the C-puzzles better; on the other 
hand, of the 16 subjects in the repeat-X group who recalled differentially, 
only 5 recalled X’s better, while 11 recalled C's better. Further, a much 
greater proportion of subjects repeating C than of those repeating X 
recalled evenly. There is thus a clear opposition between the way in which 
those repeating C and those repeating X recalled O's and X’s: ‘of the 
former group, a few recalled О?в better, more recalled X’s better, while the 
greatest, number recalled evenly; of the latter, the greatest, number 
recalled C's better, a lesser number recalled X’s better, while the smallest 
number recalled evenly. 


(2) Chronological age. 

Following up the meaning of this opposition, we begin to suspect that 
the same factors which made for choice of C for repetition made also for 
absence of preference or preference for X in recall; conversely, the same 
factors which made for choice of X for repetition made for preference for 
C in recall. In this connection chronological age might seem to have been 
a factor of some importance. But analysis does not completely support 
this impression, for if the 20 younger subjects are compared with the 20 
older ones, it is found that in the former group, 7 recalled the C's better, 
8 recalled evenly, and 5 recalled the X’s better; while in the latter, 9 re- 
called the C's better, 3 recalled evenly, and 8 recalled the X’s better. It 
thus seems characteristic of the younger group to recall evenly, and of the 
older to recall C's. better; in neither group was there & plurality of 
subjects recalling X's better. Fig. l shows this grapbically. It we take 
the recall difference grouping as our basis of comparison, we find that the 
median age for the positive group was 9 years and 4 months, for the 
neutral group 7 years and 2 months, and for the negative group 9 years 
and 8 months. In general, then, the recall differences cannot be explained 
by reference to tho factor of age taken by itself. Only in connection with 
repetition choice, which is itself clearly age-linked, does difference in age 

1 [n Ышв comparison only thirty-seven cages can be considered, for three Subjects who 


participated in the present experiment did not take pati in the experiment on RI 
choice. , 
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throw light upon recall scores. However, we should not expect age to 
operate directly, but only in combination with other factors that appear, 
as a rule, at certain ages. We must therefore investigate these underlying 
factors. 


Percentage of cases. 





5-6 7-8 9-10 11-12 13-14 
Chronological age in two-year intervals. 


Fig. 1. Relation of chronological age to the recall of successes and failures. 





=0 B.D. soore, ----= + R.D. score, .... —— R.D. score. 


(3) Mental age. 


We gave the children an intelligence test—in most cases the Kuhl- 
mann-Anderson and in the remaining ones the Stanford-Binet!. Fig. 2 
shows the relationship of mental age to type of recall. The median M.A. 
for the positive recall group was 105 months, for thé negative group 97 
months, and for the neutral recall group 82 months. This seems to indi- 
cate that those subjects who were oldest mentally remembered the C's 
better and that those who were youngest mentally recalled evenly, while 
those of intermediate mental age recalled the X’s better. 

1 Tt should be noted that the median I.q. for all the subjects was 92, which is slightly 
ower than normal. This may, however, simply indicate that these crippled children had not 
done as much school work as is usual for normal] children of their ages, in which case little 
importance should be attached to this slight т.д. deviation. In other respects the fact that 


the children were orippled does not seem to have made any noteworthy difference in the 
experiment. 
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| (4) Pride. | 

The subjects were rated by their teachers for the trait of “pride. 
‘Pride’ was defined as “ Desire to stand well with the group, and pleasure 
in one's own achievement.” For all the cases in the positive recall group, 
the average rating for pride was -- 1:06; for all the cases in the negative 
recall group the average rating was +-85, and for the neutral group it was 
+:18. Thus, those subjects who showed a preference for C in recall had & 
pride rating which was distinctly higher than that of those who recalled 
the X's better or recalled evenly. The trend in respect to pride for the 
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Mental age in two-year intervals. 
Fig. 2. Relation of mental age to the recall of successes and failures. 
— _=0 R.D. score, ----— + R.D. score, .... = — R.D. score. 


Tf we take as our basis of comparison the ratings given to the subjects, 
we geb а similar result. Of the 27 subjects who were’ given a positive 
rating for pride, 12 recalled the C’s better, 9 recalled the X’s better, and 
6 recalled the C's and X's evenly; while of the 12 who were given a 
negative pride rating, 3 recalled the C’s better, 4 recalled the X’s better, 
and 5 recalled the C's and X’s evenly. (One subject was rated 0.) We may 
then conclude that a preference for C in recall tends to be associated witha 
relatively higher rating for pride, while a preference for X in recall tends 
to be associated with a relatively lower rating for pride; and, similarly, a 
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positive rating for pride is more often associated with a preference for C 
in recall than is a negative ratingi. 

In this connection we may consider the replies of the subjects to the 
question, asked them at the end of the test, whether they thought they 
had done well. Though a comparison of these answers with the results on 
recall, produced nothing of significance, there was a marked relationship 
between the type of answer given and the relative chronological age of the 
subjects. Table II shows this. If the farty subjects are divided into three 
groups according to chronological age such that the first group comprises 


' Table II. Answers to the question 
“Do you feel that you did the puzzles wel?” ` 
Youngest Intermediate Oldest . 
gubjeots subjects subjects 
Positive answers 8 5 3 
Indeterminate 4 7 8 
answers 
Negative answers 1 2 7 


the 13 youngest, the next the 14 of intermediate age, and the last the 13 
oldest, it is found that in the first group, positive answers, in the second, 
indeterminate answers, and in the last, negative answers predominated. 
Thus, self-confidence was the characteristic note of the youngest group, 
uncertainty or compromise of the intermediate group, and self-condemna- 
tion of the oldest group. 


(5) Conclusion. 


What is the probable theoretical significance of the facts disclosed by 
the foregoing analysis? It would seem to be that, given an individual of 
sufficient intellectual maturity and a commensurate measure of pride, 
experiences that are unpleasant because they wound self-respect— 
perhaps it should be added in a social situation—are, other things being 
: equal, less apt to be remembered than experiences that are gratifying to 
the ego. This is in keeping with the Freudian theory of repression.’ 


1 It should be noted that a second set of pride ratings for all the children, obtained at a 
later date, agreed very poorly with those on which the caloulations just reported were based. 
This second set of ratings was the work of the teacher in general oharge of the children, who 
had originally rated only the group direotly under her tutelage, while the remainder of the 
children were rated by the teacher in direct charge of them. On the whole, the first ratings 
are probably more reliable, since they were made at the time of the experiment and by the 
teachers in direct charge of the children, but the second ones (which were made without any 
reference to the first) have the merit of having been made by one person and consequently 
with a common standard of grading throughout. The disagreement of the two sets of ratings 
indicates that the reliability of the resulta on pride is not very great. 
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Tn our experiment, at the most 16 of the 40 subjeots satisfied these 
conditions. The 11 very young subjects with neutral recall difference 
scores seem to have been indifferent to the test situation, so that there was 
no basis for preferring C's or X’s in recall. Their low average mental age 
and pride'rating bear out this interpretation. The group of 13 subjects 
with the negative recall difference scores had а higher mental age and 
pride rating, but they were.presumably not enough wounded for re- 
pression to operate. Their reaction was, however, very definite and con- 
sistent. It is as if they took a more objective attitude toward the test, 
regarding the puzzles as so many external obstacles to be overcome. Their 
need for mastery of the environment was aroused, but failure to satisfy it 
did not wound their egos or arouse feelings of inferiority. If anything, 
feelings of protest and perseverance were awakened by failure and these 
brought about a preference for X’s in recall. The fact that the un- 
successful puzzles were unfinished may also have created a perseverative 
tendency, such as probably prevailed in the experiment of Zeigarnik(6), 
making for recall of the X’s. Such a perseverative tendency must have 
been present in the case of the positive recall group, too, but there.the 
competing repressive tendency was so strong that the perseverative one 
was overpowered. In the case of the negative group the attitude of 
protest co-operated, rather than competed, with the perseverative ten- 
dency, and so the X’s were better recalled. 

It may, of course, be that we have overlooked important factors in 
our analysis. For example, the degree of excitement experienced by our 
subjects may have been important. Perhaps it was excitement rather 
than pride that in the first instance produced our recall difference scores, 
pride merely being the factor that produced excitement. We have in- 
sufficient data to determine whether this was the case’. Similarly, we 
cannot decide about other possible factors, 


V. POSSIBLE ARTIFACTS. 


An analysis of some possible experimental artifacts will help us to evaluate the 
reliability of the resulte already presented. 


(1) Mental scores. 

Since the competitive element was very strong throughout the experiment, it 
may be that the preference shown in recall for C-puzzles or X-puzzles was the result of 
a conscious effort made by the subjects to keep score. However, even if the subjects 
made such an attempt, would they not simply have counted up the puzzles on which 


7 ' 1 No noteworthy sex differences appeared in this research. 
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they ware succeeding or failing, without trying to remember the names of the puzzles? 
And even if Scores were kept in terms of the names of the puzzles, we should still have 
to ask why certain children remembered more successes while others remembered 
more failures when all of them had as many of the former as of the latter. The possi- 
bility that the subjects kept a mental score does not therefore seem to invalidate the 
results on memory. 

(2) Assortment of puzzles. 

Since the subjects did not all have the same assortment of puzzles to solve, the 
differences in memory may have been due to the differences in the puzzles attempted. 
Ideally, the same puzzles would have been given equally often both as О and as X, to 
both the positive and negative recall groups. Actually, this was impossible because of 
the age and other differences of the subjects. But we can look in our protocols for 
instances that did fulfil these ideal conditions and see if the results in recall in these 
instances tally with our general findings. An instance of the results yielded by this 
procedure is as follows: If the cases of those subjects are taken whose recall difference 
scores were either + or —40 or more (б positive and 4 negative cases), it is found that 
whenever the same puzzle was given the same number of times as C or as X to each of 
the two groups (9 cases in all), the positive recall group consistently recalled the 
puzzle more often when it was C, wheress the negative group consistently recalled it 
better when it was X. There was only one exception, in which case both groups re- 
called the puzzle equally often. For example, tlie puzzle ‘Bottle’ was given, in all, 4 
times to the 9 subjecta in question, twice to the positive group and twice to the 
negative group and in every case аз a C-puzzle. In both cases it’ was recalled by the 
former group and forgotten by the latter. Other instances were similar to this one, and : 
we may thus be certain that the general difference in recall of the two groups was not 
simply a matter of the assortment of puzzles they were given to solve. 


(3) Order of puzzles in test. 

Another extraneous factor that may have influenced the recall results is the posi- 
tion of the puzzles in the total series presented. It might be expected that the puzzles 
done toward the end of the test would be more frequently recalled than those done 
earlier, and if it happened that the C’s or X’s were given more frequently toward the 
end of the test, this might be the main reason why either the C'B or .X's were better 
recalled. An analysis of the results, though it does show that position made a difference 
to the chances of recall of a particular puzzle, does not bear out this suspicion. In 
general, the puzzlea given toward the middle of the test were least well recalled, those 
given toward the beginning were recalled better, and those given toward the end were 
recalled best. The representative percentages of puzzles recalled for these three relative 
positions were 48, 55 and 82, respectively, regardless of success or failure on the puzzles. 
But if, taking the positions most favourable to recall, we compare the percentage of Св 
or X’s given to the positive and negative recall groups at these positions in the test, we 
find the following: For the positive group, 1n the first, second, next to the last, and last 
positions, respectively, 62, 44, 37 and 44 per eent. of all the puzzles were C's; for the 
negative group, 100, 31, 54 and 33 per cent. of all the puzzles were O's. This means that 
on the average the positive recall group had more X’s (53 per cent.) m the four most 
favourable positions for recall while the negative recall group had more C's (55 per © 
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cent.) in the same four positions. It seems clear that.if position influenced recall at all 
unduly, it was against rather than for the general results we obtained. 

A further test of the influence of position as compared with C or X upon recall is 
afforded by the following: Let us take the last puzzle given every subject and see 
whether it was given more often as C or as X. We find that whereas 28 of the subjects 
were given an X-puzzle last, only 12 were given a C-puzzle last, and this result goes 
with the general result that the Ов were more frequently recalled than the Х?в. Sincethe 
last puzzle given was recalled in all but three cases and since, moreover, the difference 
in preference for C or X in recall for many of the subjects was only 8 matter of one 
puzzle, it is quite clear that the position of the puzzles in the test series could not have 
been the determining factor in recall. Since the last puzzle was recalled in all but three 
cases, it would seem to be theoretically advisable to calculate the recall difference 
scores with the last puzzle omitted. As a check on the scores which we had already 
obtained, we calculated new ones in this way. This only remforced the resulte pre- 
viously obtained: there were now 19 in the positive recall group, 12 in the neutral 
group and 9 in the negative group. Moreover, practically all of the factors that we had 
previously correlated with the other recall difference scores were found to correlate 
equally well with these new ones. 


(4) Time. 


It has been said that an attempt was made to pair the puzzles so that the time spent 
on the finished puzzles would be the same as that spent on the unfinished puzzles. 
With this precaution any difference in the frequency with which the finished and the 
unfinished puzzles might be recalled could not be attributed to a difference in the 
amount of time originally spent on them. This attempt, however, for the reason already 

. given (p. 250), was not very suocessful, and hence it is necessary to determine whether 
or not certain of the puzzles were recalled while others were forgotten simply because 
the subject occupied himself with the former for a longer time than he did with the 
latter. 

Now, the average time for all the C’s given was 1 min. 45 sed. and for all the X’s 
given 2 min. 25 sec. But since the Ов were more frequently recalled than the X’s, we 
may deduce that there was certainly no direct favourable influence of length of working 
time upon the chances of recall. If there was any influence, it was the very opposite of 
that which would be expected. Again, if the median time spent on the puzzles is 
calculated for each subject individually, 23 of the subjects remembered more of the 
puzzles on whioh'they had spent leas than the median amount of time, 6 subjects 
remembered more of the puzzles with time greater than the median, and 11 remembered 
an equal number below and above the median. Seventy-one per cent. of all the puzzles 
below the median were recalled, but only 53 per cent. of those above the median. As 
8 crucial test we may examine the puzzles which consumed extremely long or ex- 
tremely short amounts of time. This analysis reveals that of the 14 puzzles on which 
the most time was spent (10 min. or more; longest time 10 min. 8 seo.), 7 were recalled 
and 7 were forgotten. Of the 7 remembered, 1 was & О, the other 6 X's; of the 7 
forgotten, all were X’s. On the other hand, of the 13 puzzles on which the least time 
had been spent (20 sec. or less; shortest time 10 sec.), all without exception were 
recalled. Five of these were C’s and 8 X's. 

How now shall we account for these paradoxical facts? It seems ВЕТРА that the 
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tasks on which less time was spent were more pleasant or less painful—greater 
successes, if successes, and smaller failures, if failures. If this was во, we could con- 
clude that the shorter puzzles were better remembered because they were more 
pleasant, or less painful, and this interpretation accords with our general conalusion on 
recall. ` 

In order to compare the importance, as regards recall, of success or failure with 
length of time spent on the problems, an analysis was made of these two factors for 
each of the three recall groups. Table III shows the percentages of recall for the long 
and short? puzzles and also for the C's and X’s in each of the three groups of subjects. 


Table III. Comparison of working time with success 
as influences in recall. 


Positive recall group. ` 

Short puzzles recalled : 73 4 Í Ов recalled: 78 % 

Long puzzles recalled: 56 А X’s recalled: 50 А 
Neutral recall group. 

Short puzzles recalled: 70 % C's recalled: 60 % 

Long puzzles recalled: 47 24 X’s recalled: 60 "А 
Negative recall group. 

Short puzzles recalled: 68 97 C's recalled: 48 % 

Long puzzles recalled: 67 % Xa recalled: 76 % 


This table clearly shows that while each group remembered the short puzzles better 
than the long ones, the groups were differentiated with respect to their recall of the 
C's and X’s. Moreover, in the cases of both the positive and negative recall groups the 


preference for C's ог X's was more marked than that for short or long puzzles. Thus, | 


the difference in recall of C's or Xs is not to be reduced simply to a preference in 
memory for short puzzles, even if both preferences are expressions of the same under- 
lying tendency. 

A further comparison of the factors of success and time made by considering 
separately the C's and the Xs for each of the three recall groups yields a decided con- 
firmation of this last statement. Table IV shows these results. In the positive recall 
group, of the total number of C’s given, 80 per cent. of those above the median time 
were recalled, 76 per cent. below the median time were recalled. It may be that where 
& puzzle was successfully completed it was considered by this group to be more of a 
success if it had been accomplished after a long struggle. For this reason the long C's 
would be better remembered than the short ones. This should be borne in mind in 
comparing success with time in respect to recall; for if long C's were better recalled 
than short ones in the positive group, it may have been so because the length of time 
spent upon the puzzles was important for recall only by relation to success or failure. 


1 The short puzzles here, as throughout the remainder of this discussion, are those 
puzzles which took less than the median time for all the puzzles done by each subject. This 
_ means, of course, that what is in absolute measurement a short puzzle for one subject may 
be & long puzzle for another, but since long and short are meant to be subjective values, the 
only way of arriving at them is to take the median time for each subject and to record as 
short puzzles all puzzles falling below that median and, on the other hand, aa long puzzles 
all those falling above that median. 
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Table IV. Comparison of short with long successes 


and failures in respect to recall. 
Positive recall group. 
Percentage below Percentage above 
median time recalled median time recalled 
C-purzles 76 s 80 
X-puzzles 70 Be 81 
Neutral recall group. 


—— n n 
Percentage below Percentage above 
median time recalled median time recalled 


C-puzzles 69 38 


X-puzzles 71 56 
Negative reoall group. 
Percentage below Percentage above 
median time recalled median time recalled 
C-puzzles 62 31 
X-puzzles 74 82 


Tn this case the negative group would not have recalled long C's better than short ones, 
but the opposite—and this is what actually happened. Turning to the X's of the 
positive recall group, we find that 31 per cent. of those above the median time were 
recalled and 70 per cent. of those below the median time. Here the shorter puzzles 
were better remembered. On our hypothesis this would be explained by supposing, 
that the shorter X’s were smaller failures than the longer ones, and that since this 
group of subjects charaoteristically recalled successes, they therefore recalled the 
shorter X’s better than the longer. In summary, then, if we suppose that the order of 
subjective success was as follows: Ов above the median time, (в below the median 
time, X's below the median time, X's above the median time, then we have the result 
for the positive group that they recalled 80 per cent. of the most successful attempts, 

76 per cent. of the next most successful attempts, 70 per cent. of the next, and only 
31 per cent. of the least successful attempts. 

In the case of the negative recall group, of the total number of C's given, only 31 
per cent. of those above the median were recalled and 62 per cent. of those below the 
median. The smaller successes were better remembered than the greater. Of the total 
number of X's given, however, 74 per cent. of those below the median were recalled 
and 82 per cent. of those above the median. Those subjects who characteristically 
remembered their failures better also remembered better the puzzles which were more 
fully frustrated. If, as before, we suppose that the order of subjective Success was as 
follows: C’s above the median time, C's below the median time, X's below the median, 
X's above the median, then this group remembered only 31 per cent. of the most 
successful attempts, 62 per cent. of the next most successful attempts, 74 per cent. of 
the next, and 82 per cent. of the least successful attempts. 

In the case of the neutral recall group, of the total number of C's given, 38 per cent. 
of those above the median and 69 per cent. of those below the median were recalled. 
That is, this group recalled the smaller successes better than the greater. Of the total ' 
number of X’s given, 71 per cent. of those below the median and 66 per cent. of those 
above the median were recalled. That is, this group recalled the smaller failures better 
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than the greater. If we suppose the order of subjective success to have been the same 
as before, this group remembered 38 per cent. of the most successful attempts, 69 per 
cent. of the next most succesaful, 71 per cent. of the next, and 56 per cent. of the least 
suocessful attempts. There is, then, in this case no oonsistent connection between 
recall and the relation of time to success or failure, but this is what we should expect in 
view of the fact that the neutral group charaoteristically recalled C's and X’s indis- 
criminately. 

The time factor thus in no way invalidates our general resulta, but rather 
strengthens them, by lending unforeseen and striking confirmation. The principles 
that seemed to govern the recall of successes and failures as defined apart from time are 
reaffirmed by the evidence for recall when success is defined in terms of working time. 
Moreover, these results are, if valid, of great significance to the general psychology of 
memory and learning, for they indicate that under certain conditions qualitative 
factors such as success are of greater importance to recall than quantitative ones such 
as duration or, in other words, that the law of effect is more fundamental than the law 
of frequency. 


VI. Summary. 


In an experiment performed on forty children with the object of 
determining whether successful or unsuccessful activities are more apt to 
be remembered, it was found that the subjects could be divided into three 
groups according as they recalled a greater percentage of the names of the 
successful than of the unsuccessful tasks (jig-saw puzzles), a lesser per- 
centage of the former than of the latter, or an equal percentage of each. 
The group that recalled successes better than failures was differentiated 
from the group that recalled failures better than successes by a more 
advanced average mental age and a higher average rating for the trait of 
pride. Some important incidental results of the experiment were (a) that 
there was a distortion in recalling the outcome—success or failure—of 
the tasks attempted that ran parallel with the tendencies shown in 
recalling the names of the tasks; (b) that with increasing age there was an 
increase in self-critical answers to the question, “Do you feel that you did 
the puzzles well?” and (c) that the experiences of relatively shorter 
duration were more readily recalled than those of longer duration, pre- 
sumably because of the prevailing dynamic conditions. The results of this 
experiment seem to support certain aspects of the Freudian theory of 
repression. 
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I. THE SIGNIFIOANCE OF THE PROBLEM. 


Tuis paper is intended to raise the question: Has not Thorndike in his 
recent book) adopted some aspects of the congruity theory? 

The question has considerable importance. Some form of the con- 
gruity theory is continually being put forward to replace, interpret or 
supplement the law of effect. Thorndike alone! has consistently refused to 
countenance either the original congruity theory or any of its derivatives. 
Consequently his adoption of any aspect of that theory as an interpreta- 
tion of the law of effect should constitute a major event in the history of 
the psychology of learning. 

Thorndike's adoption of the congruity theory has, however, other and 
more important significance. Within the S-R bond or connectionist 
system of psychology any explanation of learning in terms of consequences 
must conform to one of two schemata. One of these is the congruity 
theory and the other is the theory of retroflex action. One of the most 
intriguing problems in the psychology of learning is to determine which 
of these basio theories or schemata is correct. Thorndike's partial adop- 
tion of one of them cannot be ignored by those interested in the problem. 

1 McGeoch (2) notes only two other ‘connevtionist’ authors (Williams and Stephens) 
who deny the explanatory value of the conditioned reflex. Pear, Lashley and the Gestalt 


psychologists are critical, but the two latter are also critical of the entire conneotionist 
position. 
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IL THE ooNTRAST BETWEEN THE THEORIES OF RETROFLEX 
ACTION AND CONGRUITY. 


In getting at our main question it is proposed to discriminate briefly 
between the congruity theory and the theory of retroflex action, and then 
to consider Thorndike's recent position with respect to these two theories. 
Before doing so, however, it should be made clear that both of these 
theories attempt to explain the phenomenon of ‘back action,’ and both 
subscribe to the S-E bond description of behaviour. Consequently the 
subsequent discussion must be interpreted with the above limitations in 
mind. That is to say, if the S-R bond theory does describe behaviour 
adequately, and if there is a phenomenon of ‘back action,’ then the 
phenomenon would have to be explained in one of two ways. 

The connectionist system of psychology should need no exposition. 
The concept of ‘back action’ may, however, bear restatement. By ‘back 
action’ is meant the alleged fact that the conditions which follow an act 
affect the bond or connection responsible for the act. If the act of stealing 
some goods is followed by punishment, the tendency or bond underlying 
the theft may be affected. 

The different means of explaining this alleged phenomenon in terms of 
connectionist psychology are best indicated by an illustration. Suppose 
that a rat in a discrimination box approached one outlet (4), and was 
then shocked and as a consequence withdrew vigorously from the outlet 
(A). Let us suppose that a second rat approached outlet (B), and there 
saw food and as a result increased the vigour of his approach to (B). These 
facts may be represented by some such diagram as the following: 


Rat I: 


ENS x 8 R, 
“(Sight of objects ^ (Approach ^ (Eleotrio shook) (Vigorous withdrawal 
A and B), + object A) from A) 
Rat II: 
 — R 8 R, 
(Sight of objects (Approach (Sight of food ^ (Continued vigorous 
A and B) object B) at B) approach to B) 


Let us assume that if the respective treatments are continued rat I 
wil become less likely to approach А, and rat II will become more 
likely to approach B. We have already assumed that this change in 
probability has been brought about by the events which followed №, in the 
case of the two rats respectively. That is the alleged phenomenon of back 
action. We are now, within the limits of these assumptions, going to 
discriminate between the respective means by which the theory of 
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retroflex action and the theory of congruity explain the phenomenon of 
back action. 

The theory of retroflex action! states that if the operation of a bond 
is followed by ‘beneceptive’ conditions (Troland), or conditions conducive 
to the survival of the individual or race (Stephens), the bond will be 
strengthened; and conversely, if it is followed by ‘nocioceptive’ con- 
ditions (Troland), or conditions conducive to the extinction of the in- 
dividual or race (Stephens), the bond will be weakened. The theory of 
retroflex action considers that this strengthening or weakening is brought 
about by direct retroflex neural action. That is to say, the subsequent 
conditions act as stimuli for neural impulses which definitely and directly 
affect the bond in question. Thus, in our diagram, S,, in addition to 
initiating the neural impulse leading to R}, may be considered to initiate 
other and discrete impulses which directly affect the connection S,-R,. 
We could, with regard to S,, differentiate between its primary function 
(i.e. to elicit №,) and its secondary function (t.e. to affect the bond S—R, 
which has just operated). 

One must remember that under the head of S, the theory of retroflex 
action would include the proprioceptive stimuli arising from E. It is 
quite fitting that it should do so, since these are set off by conditions 
which are undoubtedly subsequent to the occurrence of Æ. 

If S, can have a stamping-in or secondary function which is poten- 
tially separable from its primary function, we can describe the modifica- 
tion of S,-R, purely in terms of the secondary function. Hence the theory 
of retroflex action attempts to explain the modification of S,—R, entirely 
in terms of the nature of S,. This theory contends that it makes no 
difference what overt R, the S, comes to elicit. In order to predict that 
rat I will come to avoid outlet 4, all we need know is that he receives a 
shock and that receipt of a shock is & biologically harmful condition. In 
order to make such a prediction we do not need to know what the animal 
does in response to S,. It makes no difference whether he jumps back or 
forward, or maintains a stoical calm. 

The congruity theory on the other hand places the emphasis on Ry. 
It maintains that the bond S,-R, will be strengthened if the act which it 
governs is followed by an act congruous with №,. By a congruous act is 
meant one which reinforces the previous act or shows some biological 
utilization of that previous act. An incongruous act refers to one which 


1 For the original and most systematic presentation of this theory see Troland (3). A 
more sketchy and less explicit statement, together with a description of & machine con- 
structed to illustrate this theory, has been given by Stephens (4). 
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nullifies the previous act. For instance, in the case of our rats, the R, 
of the second rat (continued vigorous approach to B) is held to be con- 
gruous with R,, while the R, of the first rat (vigorous withdrawal from A) 
is held to be incongruous with the R, of that rat. 

À more definite idea of the meaning to be attached to the term 

‘congruity’ may be obtained from a brief history of the term. The use of 
the concept of congruity as an explanation of the selective factor in 
learning, was first introduced by Hobhouse(5. Hobhouse cited as an 
illustration the manner in which Lloyd Morgan’s chicks learned’ to avoid 
eating certain types of caterpillars. He pointed out that if the action of. 
pecking а certain type of caterpillar were followed by the congruous 
action of swallowing it, then the tendency to peck at that kind of cater- 
pillar would be strengthened, whereas, on the other hand, if that reaction 
had been followed by the incongruous action of spitting out or ejecting 
the caterpillar, the tendency to peck at that type of object would be 
weakened. Hobhouse suggested that this same schema could be applied 
to other cases of learning. 

Since that time several modifications of this general explanation have 
appeared. Peterson(6) suggested that the selective factor lay in the 
degree of completeness which the R, reached. Thus if the R, were con- 
tinued in uninterrupted fashion, the bond upon which it is based would 
be strengthened. Let us imagine a rat in a maze at the junction of the 
true path and a cul-de-sac. The rat chooses the correct path, and as а 
result progresses in unimpeded fashion toward the goal. If he chooses the 
_ cul-de-sac his progress will be cut short and reversed. Peterson regards 
the progress along the true path as representing a more ‘complete’ 
response than does the progress into the cul-de-sac. 

Woodworth (7) considers the selective factor to be the incidence of a 
‘consummatory’ response. He takes the term 'consummatory' from 
Sherrington’s distinction between preparatory and consummatory 
reflexes. In the case of the rat in the maze or discrimination box, 
Woodworth would consider all the searching movements to be responses 
preparatory to eating or escape. The preparatory response which is 
followed by & consummatory response will be кшш The others 
will not be strengthened. 

The most popular and ubiquitous derivative of the congruity theory 
is the attempt to describe selection in learning in terms of the con- 
ditioned reflex. It will be seen that the shock (S,) applied to rat I in our 
illustration may be regarded as the unconditioned stimulus for with- 
drawal. According to the schema of Pavlov, if this shock occurs often 
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enough in conjunction with the indifferent stimulus (8;), the latter, which 
originally elicited R, (approach), will come to be the conditioned stimulus 
for R, (withdrawal). That is to say that the bond S,—R, will be changed. 
In the same way we may consider the sight of food (S,) which greets rat TI : 
to be the unconditioned stimulus for an approach reaction. If this 
stimulus occurs in conjunction with the indifferent stimulus (S,) the 
latter will become a conditioned stimulus for the same reaction. It will 
be remembered, however, that S, originally called forth this approach 
reaction. Consequently the effect of the conditioning will merely be to 
make it more likely to call forth the response it originally did elicit. That 
is to say that, in the case of Rat II, the conditioning process will 
strengthen the original bond S,-E,. The general position of the con- 
ditioned reflex explanation may be stated as follows: It S,-R, is accom- 
panied (actually followed) by a dominant action also leading to R,, S,-R, 
will be strengthened, while if S,—R, is followed by a dominant reflex 
leading to 8 different R, then S,-R, will be weakened. That is to say, if 
R, and R, are identical S,-R, will be strengthened, if not it will be 
weakened. 

In all the above forms of the congruity theory, there is, in describing 
the selective factor in learning, a consistent use of R,. These theories do 
not attempt to describe selection in terms of бу, but in terms of the R, 
which S, elicits. The congruity theory or theories contend that in pre- 
dicting whether S,—R, will be strengthened or weakened, we can ignore S, 
and have regard only for Ry. If we find that R, is a continuance of R,, or 
at least is congruous with R, the bond, S,-R,, will be strengthened. If 
R, is incongruous with respect to R,, or a reversal of R,, the bond, S,-R,, 
will be weakened. 

The contrast between the theory of retroflex action and the con- 
gruity theory and its derivatives is shown most clearly by this difference 
in the terms in which they describe selection or fixation. In predicting 
whether S,—R, will be strengthened or weakened, the retroflex theory asks 
only to know the nature of S,, while the congruity theory asks to know 
only the relation between R, and R}. 

We are concerned here merely with a differentiation between the two 
ways of describing or predicting the outcomes of learning. We are not 
trying to determine which description is the more adequate. For a dis- 
cussion of that problem the reader is referred to other accounts (8, 9, 10, 11), 
It may not be altogether impertinent, however, to repeat very briefly 
some of the shortcomings of the congruity theory as seen by one of its 
opponents. Suppose that in the case of rat I, S, had been not a shock but 
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“food appearing behind rat I.” We may now imagine that this would be 
followed by R, withdrawing from А, Consequently while S, has been 
changed, R, remains practically the same as far as congruity with R, is 
concerned. Any theory which explains selection entirely in terms of the 
congruity between R, and R, would have to predict a weakening of 
S,-R,. Asa matter of fact the rat consistently subjected to this treatment 
learns to approach А regularly and rapidly. This learning would be pre- 
dicted by the retroflex theory on account of the biological value of S; 
(food appearing—whether behind the animal or ahead of him). 


III. Tue CHANGE IN THORNDIKE'S TREATMENT OF THE 
: PROBLEM OF SELECTION. 


There has been a general impression, that the traditional interpreta- 
tion of the law of effect attaches chief importance to S,. Certainly this 
was assumed by the proponents of the theory of retroflex action, who 
considered their theory to be a mere delimitation of the general theory of 
the'law of effect. The assumption was justified in part by the general 
wording of the law of effect, and in part by Thorndike’s spirited attack (8) 
on the early congruity theory of Hobhouse. · 

The more recent statement of Thorndike does seem to suggest, how- 
ever, that the selective agent of the law of effect is located in Ej. I quote 
at some length his statement of the action of rewards and punishments 
(the designating letters are mine): 

А. “First, a satisfying after-effect which belongs to a connection can be relied on 
to strengthen the connection. 

B. “Second, an annoying after- effect under the same conditions has no such uni- 
form weakening effect. In certain cases, known by general observation or displayed in 
experiments such as those of Hoge and Stocking and of Warden and Aylesworth, ап 
annoying after-effeot does weaken the tendency which produces it. 

Q. “Third, when it does so, its method of action is often, perhaps always, indirect; 
That is, the person or animal is led by the annoying aftér-effect to do something else 
to the situation which makes him later less likely to follow the original conneotion. 

D. “Fourth, what he is led to do directly is often (1) either to make a native or 
&oquired response to the particular annoyanoe in question (as when he responds to 
annoyance at a certain place by leaving that place, or to annoyance by a certain object 
by avoiding that object, or to annoyance in the mouth by spitting out the mouth’s 
contents), or (2) to have an idea or other awareness of the undesirability of such and 
such behaviour. ... 

E. “Fifth, what an animal is led to do directly by an.annoyer need not make him 
leas likely to follow the original connection. For example.... 

F. “The influence upon learning of both satisfiers and annoyers depends upon what 
they cause the animal to be ог do...." ((1) pp. 311-12.) 
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IV. THE RELATION OF THE MODIFIED TREATMENT 
TO THE THEORY OF CONGRUITY. 


I will attempt to restate the relevant portions of the quotation in 
terms of ош S,—-R,, Si-Re schema. 

(1) When an annoyer (S,) follows a connection (S,—R,), its primary 
function is to elicit a native or acquired response (R,) (from excerpt D). 

(2) This eliciting of R, is sometimes, perhaps always, the means by 
which the annoyer (Są) influences the original connection (S,—R,) (from 
excerpt C). 

(3) This eliciting of R, is not bound to influence the bond S,—R, (from 
excerpts B and E). 

(4) The influence upon learning (S;-R,) of any S, is achieved by the 
Ry which that S, elicits (from excerpt F). 

In statements (2) and (4) above, the congruity theory seems un- 
questionably involved. In statement (2) it seems given as.an explanation 
of what happens “sometimes, perhaps always” in the case of annoyers, 
while in statement (4) the congruity theory seems to be applied to all 
effects. Ç 

In this connection we should observe that my statement (4) may not 
be considered & fair paraphrase of excerpt (F). Thorndike says that the 
influence of effects depends on what they cause the organism to be or do. 
Now as to the do, statement (4) is certainly no distortion. An effect 
causing an organism to do anything must unquestionably be translated as 
85-Е in the Thorndike system. An effect causing an animal to be some- 
thing is not, however, so surely translated. The translation will be easier 

if we re-word the statement so as to drop the do part of it (since that has 
been already discussed), and to turn the infinitive to be into a more easily 
handled substantive. Excerpt (F) could then read, “The influence of 
effects depends upon the state of being which they bring about in the 
organism." We have now to determine (a) what state of being is meant, 
and (b) how the concept of an effect causing a state of being should be 
translated in terms of our S,—R, schema. It is possible that the state of 
being may refer to the final outcome of the learning. That is to say, as a 
result of the effect the organism in our illustration may be less (or more) 
likely to approach A. In that case the statement would be meaningless 
as it would merely indicate that effects influence learning by influencing 
learning. If the statement is to have any meaning it must involve some 
"more mediate state of being which in turn and by its nature determines 
the final outcome of the learning. In view of the Thorndikean system, 
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one would expect that the state of being involved is that of being satisfied 
or being annoyed. Such specific states of being, however, are not deducible 
from excerpt (F). They are introduced here merely to aot as possible 
illustrations of the mediate state of being which is definitely implied in 
any meaningful interpretation of excerpt (F). 

The fact that we readily consider these states of being to refer to 
conditions of satisfaction and annoyance, complicates our next task, 
namely, the determination of how the arousal of this state of being is to be 
described in S,—-R, terminology. If the state of being referred to a 
physical condition resulting from an effect, as for instance the secretion of 
saliva following the appearance of food, or the trembling of muscles on 
hearing bad news, there would be no hesitation in describing it as a 
response to that effect. In so far, however, as that state of being may, 
and probably does, refer to an affective condition such as bemg satisfied 
or annoyed, there is room for the suggestion that such a condition may be 
merely the subjective correlate of the effect. That is to say, the annoyance 
may not be a response to being stuck with a pin, but may be merely the 
subjective aspect of that experience. We will not try here to settle the 
quarrel between such a parallelistic interpretation and the interpretation 
of an interactionist. It seems sufficient to show that the parallelistic 
position has no place within the Thorndikean system. His position is 
indubitably indicated by his use of the following expression, taken from 
an earlier work (19), but typical of many expressions in his later writings: 
“to the situation ‘humble approval, as by admiring glances, from any- 
one’ man responds originally by great satisfaction” (italics mine). 

In view of the above it does not seem too much to say that when 
Thorndike speaks of an effect bringing about a state of being, that state 
of being, whether physical, psychical or both, is considered as a response 
(R,) to the effect (S,). That is to say, statement (4) correctly translates 
excerpt (F) with regard to both be and do. 

We may say, then, that Thorndike agrees with the proponents of the 
congruity theory up, to the point of locating the selective factor in the 
R,. Does he also agree that the bond is strengthened by а congruous R, 
and weakened by an incongruous Ra? 

Our question seems to be answered in part by the parenthetical 
portion of excerpt (D). This is taken almost directly from the earlier 
statements of Hobhouse. Certainly excerpts (C) and (D) say in effect: 
* Annoyers function by eliciting certain incongruous responses which 
make the animal Jess likely to follow the original connection.” Conse- 

1 I am very grateful to Prof. H. 8. Jennings for some suggestions at this point. 
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quently we can attribute to Thorndike а complete adoption of the con- 
gruity theory im explaining the influences of annoyers. In explaining 
satisfiers, on the other hand, he follows the congruity theory to the 
extent of locating the selective factor in Ra. Whether he considers that 
the R, produced by a satisfier affects the bond by providing a congruous, 
reinforcing outlet, or by some other means, is not clear from the excerpts. 


V. Summary. 


In a typical case of learning such as that illustrated in the following 


schema: 


5 (Sight оѓ TREE (Eleotrio Shock) (Vigorous withdrawal 
А and B) A) from A) 

most *conneotionist' psychologists would agree that any modification of 
the bond S,-E, would be brought about by the events following the 
occurrence of F4. At this point, however, agreement ceases. The pro- 
ponents of the theory of retroflex action assert that the selective agent is 
in the Sa, while the proponents of the congruity theory maintain that the 
bond is influenced by the nature of 4, or at least by the motion of neural 
energy toward R,. The congruity theory has received its most devastating 
criticism from Thorndike. This paper holds that many of Thorndike's 
recent statements show a good deal of dependence on the congruity 
theory. The paper also refers to some of the limitations of the congruity 
theory, in view of which its increasing popularity is rather surprising. 


REFERENCES. 


(1) THORNDIKE, E. L. (1932). The fundamentals of-learning. New York: Bureau of 
publication, Teachers’ College. Columbia University Press. 

(2) MoGzoos, J. А. (1931). “The Aoquisition of Skill.” Reychol. Bull. xxvrrr, 413. 

(3) Твогахр, L. Т. (1928). The fundamentals of human motivation. New York: 
Van Nostrand. 

(4) Втврнихз, J. M. (1929). “A mechanical explanation.of the law of effect.” 
Amer. J. Psychol. xix, 492-31. 

(5) Новноџвк, L. T. (1901). Mind in Evolution. London: Macmillan. 

(6) PxrxRsON, J. (1916). “Completeness of response ав an explanation principle in 
learning." Psychol. Rev. xxi, 158-62. ' 

(7) WoopwonrH, R. S. (1925). Dynamic Psychology. New York: Columbia Uni- 
versity Prees. 


J. M. STEPHENS 275 


(8) THORNDIKE, E. L. (1023). Educational Psychology, x, pp. 189-92. New York: 
Columbia University Press. 
(9) THORNDIKE, E. L. (1931). Human Learning. New York: Century. 
(10) PERRY, R. B. (1018). ‘‘Docihty and purposiveness.” Psychol. Rev. xxv, 1-20. 
(11) Втирнимв, J. М. (1931). "Some weaknesses in the explanation of habit forma- 
tion as conditioning.” Psychol. Rev. xxxvnr, 137-52. 
(12) THORNDIKE, Е. L. (1923). Educational Psychology, 1, 80. New York: Columbia 
University Press. 


(Manuscript received 6 March, 1933.) 


THE SPEED FACTOR IN INTELLIGENT 
REACTIONS. 


Bx J. D. SUTHERLAND. 
(From the Psychological Laboratory, Edinburgh University.) 


I. Introductory (pp. 216-82). 
(1) Problem (pp. 216-1). 
(2) Are intelligence tests invalidated by a time limit? (pp. 277-8). 
(3) Is there an ability for speed in intelligent reactions? (pp. 278-80). 
(4) Is there a group factor of speed? (p. 280). 
(5) Suggested methods for testing the existence of a speed factor (p. 281). 
(6) The nature of the time differences tn intelligent reactions (pp. 281-2). 
П. Present investigation (pp. 282-93). 
(1) The existence of a factor of speed independent of level in intelligent 
reactions (pp. 283-90). 
(2) The existence of a speed factor independent of ‘g’ (pp. 290-1). 
(3) The nature of the time differences in intelligent reactions (pp. 291-3). 
ПІ. Summary and conclusions (pp. 293-4). 
References (p. 294). 


I. INTRODUCTORY. 


(1) Problem. 


THE most serious criticisms of group tests of intelligence arise from the 
fact that most of these tests require the subjects to work against time. 
Two arguments are commonly involved in these criticisms. First, it is 
said that such conditions flurry some candidates and so prevent them 
from doing their best. The second criticism is more serious, namely, that 
there are subjects who have a greater ability for speed than for accuracy in 
dealing with test items. Thus the ranking for intelligence based upon a 
time-limit test is vitiated by non-intelligent factors. In support of this 
view it is stated that most subjects would score more points in the tests 
if longer time were allowed, and, therefore, that the limits of their 
abilities are not reached. The implication is that the scores made in extra 
time may have little relationship to the original scores. To meet these 
objections it is desirable to allow subjects to work through a series of 
problems of increasing difficulty until solutions are no longer forthcoming, 
little regard being paid to the times taken; and the measure to be used 
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should be the highest level of difficulty at which success is obtained. 
Such is the method of Binet, and the measures got: by this method are 
taken to indicate the apparently essential attribute of intelligence, viz., 
its ‘power’ or ‘level.’ However, since group tests are generally con- 
structed to correlate highly with accepted standards, and are exceedingly 
useful in their present form, they cannot be discarded until the criticisms 
have been definitely established. 

The problem may be considered in two stages. Firstly, to provide 
direct evidence, the effect of removing the time limits from the tests may 
be observed. Secondly, to follow up the results of such observations, the 
existence and nature of a speed ability in intelligent acts, or the more 
general question of the nature of the time differences in these acts, may 
be investigated. 


(2) Are intelligence tests invalidated by a time limit? 

· The effect of the time limit on the validity of the group test can be 
examined by allowing subjects to work for an extended period, and then 
comparing the scores obtained in the longer times with those made in the 
shorter times. Both sets of scores can also be compared with some 
independent criterion, e.g. with Binet mental ages, which are obtained 
under unhurried conditions. Many comparisons of this sort have been 
made and the results agree in most cases. For example: 


(i) May (8) gave the Army Alpha test to a large number of men, and then allowed 
a further period equal to the standard time for each sub-test. The total scores in 
standard time correlated with the double-time scores with £=: 0-965, hence it was 
concluded that “we have no reason to aasume that an extension of time limite would 
have improved the test or have given an opportunity to any individuals materially 
to alter their ratings." : 

(ii) Ruch and Koerth(11) obtained a correlation of r=0-945+0-006 between 
scores in standard time, and under conditions of no time limit. Highsmith (5) pointed 
out that this result was spuriously high because the group was formed by combining 
the highest and lowest deciles of a larger group, and there was thus too large a scatter. 
But the lower relationships which he'obtained by separating the deciles and treating 
these as separate groups are still unsatisfactory because of the selection. 

(iii) Walters (16) found the total scores in five group tests given first m standard 
time, and then with no time limit, to correlate with r=0-934+0-007. He also com- 
pared the scores in standard and in extended time from each of the tests with an 
independent criterion and found the extended time scores to be correlated to a slightly 
higher extent in most cases. This was taken by him to indicate the existence of а 
speed factor, although a rise in the correlation should have been expected, since in 
extended time there was a longer and hence more reliable test. In any case, when the 

cores in all five tests were combined, the two sets of scores correlated almost equally 
with the independent criteria, the standard-time scores being slightly superior. 
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These and other similar results prove definitely that the differentia- 
tion for intelligence by a time-limit test is certainly not affected to a note- 
worthy extent by the imposition of a time limit. If the rankings for 
intelligence are not satisfactory, then the fault lies in the matter and not 
in the method of the test. 


(3) Is there an ability for speed in intelligent reactions? 

From the results just quoted, it must be inferred that there is little 
sign of an independent ability for speed in intelligent acts. In face of this 
evidence it may be asked how it is that there is a widespread popular 
opinion contrary to this finding. Spearman (19) has mentioned as one source 
of this belief the fact that some people exhibit a preference for speed 
rather than for accuracy in the uncontrolled situations of everyday life. 
There is also the tendency of some individuals to work more efficiently 
than others, with greater ‘freedom from load’ as Downey (8) describes it. 
Thus in ordinary actions there is a speed factor, 8 trait which is probably 
of a temperamental nature, and so the general opinion has some evidence 
in its support. Nevertheless, although quickness and inacouracy may 
characterize the normal actions of some people, this behaviour is appar- 
ently overcome in the test situation. Here it seems that the difficulty is 
eliminated by demanding a uniform attitude of maximal effort, and by 
keeping accuracy constant. There still remains, however, a very strong 
defensive perpetuation of the belief in a speed factor. “I could have done 
better with more time” is the common response of most subjects, 
especially adults, who have been given’a time;limit test. 

It is remarkable that many psychologists accept the existence of a 
speed factor in intelligent reactions. Most text-books, in describing the 
disadvantages of group tests, give this factor as the serious objection to 
the tests. Thorndike (13) regards speed of response as an aspect of intelli- 
gence to be measured separately, and some of his workers have procured 
data which demonstrate its reality as an independent individual differ- 
ence (6). How does this apparent contradiction in the evidence arise? 
Examination shows that there is in fact no disagreement, but only 
different conceptions of the speed factor. Individual differences are 
known to exist in the speeds with which simple cognitive tasks can be 
performed, e.g. tasks like cancellation, solving easy problems, substitution 
tests, etc. These differences are deep-rooted and have been shown to 
persist when all the subjects have used maximum effort; and after 
extraneous factors, such as amount of previous training, have been 
eliminated. It has also been shown that there is a tendency for certain 
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individuals to be consistently quick in different types of such processes, 
and these individuals have been described ав having в general ability for 
speed in their ‘mental reactions.’ Further, this speed ability has been 
proved to be independent of intelligence level, and must therefore be 
measured separately. But the effect of such a factor in intelligence testa 
must be questioned. The speed ability is here conceived as a facility in 
simple associative processes, and in measuring it, the need for very simple 
tests is emphasized. If diffieult, the times taken to do the tests are not 
measures of the individual's speed ability because this would be obscured 
by the difficulty factor. For example, Walters (16), in getting measures of 
this speed ability, chose the amount done in the tests rather than the 
amount done correctly because the latter was more indicative of ability 
than of rate of work. Clearly this speed ability need not be taken into 
account in measuring intelligence by time-limit tests since these are not 
simple. The times taken to do them are greatly influenced by their 
difficulty, and a factor which is effective only in material of negligible 
difficulty will not affect seriously the measures which the group tests are 
intended to give. Undoubtedly a speed ability of this type is an important 
individual difference, but it cannot be considered an objection to the use 
of time-limit tests. 

The quickness to be considered is one affecting typical intelligent 
processes. One of Webb’s(17) subjects said that there are persons who 
" do not see the point so soon but (they) grasp it more thoroughly." A 
method of testing the existence of such a characteristic will be similar to 
that used in the time-limit experiments, t.e. the comparison of the per- 
formances in limited time with those in ample time. The previous work 
is undoubtedly against any appreciable speed factor operating in the 
tests, but it is desirable to have a more careful examination than the 
usual group test conditions permit. Bernstein(), one of the few in- 
vestigators who has sought for such э factor, used this method with a 
large number of specially constructed tests. In one series of these ample 
time was to be given, while in another there was more work to be done with- 
in the given time than could be managed by all but the brightest subjecte 
(‘leisure’ and ‘haste’ tests respectively). His results showed the two sets 
of scores to be correlated equally with teachers’ estimates of intelligence and 
of slowness. The crucial measure, the difference between the ‘leisure’ and 
‘haste’ scores, showed scarcely any relationship to the other measures 
or estimates, and in particular, was related negligibly to the estimate 
of slowness. Thus he was led to reject the view he held before starting his 
work, namely, that there was a special ability for speed in intelligent acts. 

J. of Payoh, xxrv. 3 ‚ 18 
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Although admirable in principle, Bernstein’s experimental conditions 
do not seem to fulfil his requirements. With his method, “slower subjects 
could fairly be assumed to do relatively better in the first kind of tests 
(‘leisure’ tests) than in the second kind (‘haste’ tests).” Evidently speed 
of work was intended to have little influence in the first tests, whereas it 
was to be a very marked factor in the second series. If the ‘leisure’ tests 
were reliable, the subjects should have been able to do all they could 
in the time given, but it is doubtful whether this was the case. The time 
allowed for tests of both kinds was 30 sec., there being fewer but more 
difficult items in the ‘leisure’ series.. The mere knowledge that the time 
was short would tend to destroy a ‘leisurely’ atmosphere, and in any case 
there seems to have been too much to do. For example, in one of the 
‘leisure’ tests, about eighty words had to be read, and then eight words 
written as completions, and it seems impossible that children of 11-14 
years of age could exhaust their responses in the time allowed. If this 
were so, the two series of testa would not have provided materially 
different conditions. For the comparison of the two series to have been 
of value, at least the fast subjects ought to have finished the ‘leisure’ 
tests, if the slow subjects were to do relatively better. To test this objection 
a battery of the ‘leisure’ tests, from samples given in Bernstein’s mono- 
graph, were given to a class of normal children. This group had 36 boys 
and girls of average age 12 years 6 months, the age of many of his 
subjects. It was found that not one completed a ‘leisure’ test within the , 
given time. Extra time enabled all of the subjects nearly to double their 
scores in these tests. Bernstein’s data therefore cannot be accepted as 
satisfactory evidence for, or against, a speed factor in intelligent reactions; 
and thus material, other than the extended time results, for an answer 
to this question is lacking. 


(4) Із there a group factor of speed? 

So far we have considered the existence of a speed factor in- 
dependent of the ‘level’ factor which is the quality usually implied by 
the term intelligence. It must be asked, however, whether a speed factor 
exists independently of intelligence interpreted as the general factor. 
Spearman (12), using some of Bernstein’s results, has shown that there is 
no such factor, or in his terminology, there is no group factor of speed, 
the ee of the scores on the intelligence tests being entirely 
due to ‘g.’ Since we have reason to doubt the usefulness of Bernstein’s 
е we » must also hold this conclusion in ына until more satis- 
i data are produced. 
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(5) Suggested methods for testing the existence of a speed factor. 

The following methods are suggested for providing data to test the 
existence of в speed factor in intelligent reactions, 

(1) Let a group of subjects solve problems of the type given in 
intelligence tests, doing these as quickly and as well as they can. The 
problems must not be too difficult; otherwise only a few of the subjects 
will succeed in a number of them. Let there be recorded for each subject 
the time taken to do each problem which is solved correctly, and from the 
problems given select those which are solved by all, or nearly all, of the 
group. Since the group will include a range of intelligence, the problems 
done by all will not be difficult, but they will be much more difficult than 
simple processes like cancellation, etc. In addition, let there be obtained 
from each subject a measure of ‘level’ of intelligence. This will be obtained 
from similar tasks, but arranged in a series of increasing difficulty. The 
problems are to be solved under conditions of ample time, the subjects 
being asked to do as many tasks as they can. 

Since the time taken to solve a single problem will not be a reliable 
measure, let the times for a few problems be combined by suitable 
statistical procedure. We shall then expect any two such reliable measures 
to correlate positively by virtue of the ‘level’ factor, for it will be granted 
that the time required for a problem will be dependent in part upon this 
factor. The question is whether an additional factor will be а source of 
correlation between the time measures, and an answer to this will be 
obtained from the value of the relationship between the time measures 
when the influence of the ‘level’ factor is removed. If this be significantly 
positive, we shall have proof of an independent ability for speed in 
intelligent acts. 

(2) Another method, similar, but employing conditions more like 
those in the group test, would be to have the subjects perform group 
tests of moderate difficulty with maximum speed and accuracy. The 
scores on these tests could then be interrelated and the ‘level’ factor, 
measured separately, could be removed as before by partial correlation. 


(6) The nature of the time differences in intelligent reactions. 
Whether or not a factor of quickness in intelligent reactions is proved 
to exist, the nature of the time differences requires investigation. If, as 
the evidence indicates, these prove to be differences in intelligence, 
then, as Boring@) has pointed out, their analysis should provide an 
experimental attack upon the nature of intelligence. Consequently they 
18-2 
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have suggested that, if the speed af constituent parts of the simplest 
intelligent act be measured, the source of the speed differences must be 
located. Thus, one process in the series of decreasing complexity from 
association time, cognition and reaction times, reflex speed, to speed of 
nervous conduction, will fail to reveal the speed differences. Many 
investigators have shown that speeds in the first three of these bear little 
relationship to intelligence or to speed in intelligent acts(9). Travis (14), 
following Boring's suggestion, related reflex speeds to intelligence and 
obtained & very high correlation at first, but in a later publication con- 
tradicted this result (5). New data showed the absence of relationship, 
and a re-examination of the original data revealed that “the records of 
reflex time secured in the former study could not be read with sufficient 
accuracy to secure reliable results” ! 

Tt is not surprising that this analysis of the structure of the intelligent 
act has failed to reveal the nature of the time differences even in the 
simplest act, for it removes the intelligent character of the act. With 
complex problems the approach of Rounds (10) is much more promising. 
He has suggested that here the means of arriving at a solution would 
perhaps be the chief factor in the time differences. The speed would be 
proportional to the number of steps taken in achieving the desired result, 
and to compare the speeds in these acts with the speeds in simple pro- 
cesses, e.g. the reflex latency, would be like comparing the reflex latencies 
with the times taken by bricklayers to lay one brick, where one individual 
used three movements, another five, and so on. A difficulty in following 
up this suggestion is that it is not usually possible to count the steps 
made in complex intelligent acts, but a method of doing this will be 
described later. 

Perseveration is naturally a factor which would be expected to have 
some influence on the times. Bernstein, however, found that his measures 
of perseveration correlated negligibly with the scores in both the ‘leisure’ 
and ‘haste’ tests, and with the estimate of slowness the value was low. 
But conclusions cannot be too definite on this point as perseveration has 
not yet been satisfactorily measured. 


П. PRESENT INVESTIGATION. 


The present investigation was undertaken to elucidate those problems 
upon which it was thought that evidence either was lacking, or required 
supplementation. These problems were: (1) the existence of & factor of 
speed independent of level in intelligent reactions, (2) the existence of а 
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factor of speed independent of the general factor ‘g, (3) is nature of the 
time differences in Eus gent acts. 


(1) The existence of a factor of speed independent 
of level $n intelligent reactions. 

The methods adopted to obtain the evidence on this question followed 
the general scheme already suggested. In the first experiment the times 
taken for several problems were intercorrelated, and these relationships 
examined when the influence of the level factor was removed. In the 
second experiment the intercorrelations of tests of moderate difficulty, 
done at high speed, keeping accuracy constant, were treated similarly. 

Exp. I. Subjects: In this experiment the subjects were 170 Borstal , 
youths tested during an investigation undertaken by Prof. Drever in 1930. 

Tests and measures. The measures desired were (1) level of intelligence 
obtained under conditions of ample time; (2) the times taken for a 
number of problems. The tests used were (a) the Kuhlmann-Anderson 
group tests of intelligence; (b) the Drever-Collins performance tests. 

The Kuhlmann-Anderson tests were given to the subjects as part of 
Prof. Drever’s inquiry, and were used here because of their possible value 
as a measure of general level of intelligence. The performance tests were 
chosen chiefly for a reason to be mentioned presently, and also because 
this series of performance tests could supply both the measures needed, 
since it included a large number of problems of varying degrees of 
difficulty. To get the time measures, those tests solved correctly by all, 
or nearly all, the subjects, were used, and the total score on the test was 
taken to indicate the level of intelligence. In getting the speed measures, 
an. attitude of maximum speed and accuracy was desired, yet specific 
instructions to hurry were unsuitable as they would have been apt to 
make the subject adopt a crude trial and error procedure. The attitude 
of doing the tests brightly was obtained in practice by asking the subjects 
to do the tests as well as they could, and by the presence of the experi- 
menter’s stop-watch. The tests were thus given under the standard 
conditions (4), except for the recording of additional data. These were: 
(1) the time taken for each test solved within the given time limit, and 
(2) the number of moves madé. (The times are not usually required, as 
credit for any test is given if the solution is obtained within the time 
allowance, and the number of moves is not credited.) 

For the speed measures it was found that nine of the simpler tests 
could be used. These were divided into three groups, to which they 
belonged in the scale. The first group had four of the tests from the Kohs 
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block-design test, the second to the fifth of the series in the Drever- 
Collins scale; all of these tests use only four blocks. (In this test the 
subject is required to build a given coloured design with cubes painted 
in different colours on the six faces.) The second group was made up of 
three tests of the form-board type, namely, the profile test, where the 
parte of a dissected profile have to be assembled, and the two well-known 
tests, the two-figure, and the Healy A, form-boards. A third group 
comprised the first two of the three cube-construction tests in the scale. 

The time taken to do a single short test, being affected by all sorts of 
factors difficult to control, was a very unreliable measure for our purpose. 
Variation in effort especially affects the speed in cognitive processes, as 
Wild’s results have shown (18). To reduce these effects the times in each 
group of tests were combined. This was done by converting actual times 
into units of semi-interquartile range, as this unit is probably the most 
suitable for the skewed distributions which the times for any task usually 
give. As representative of each group the median of the components 
was.used. An example will make the combining method clear. One 
subject took 10, 20, 30, and 25 sec. in the four block-design tests. On 
converting to deviation units these became +1-0, +0-8, +0-1, and -- 1:2, 
with times shorter than the median taken as positive. The median of 
these four values, +0-9, was used as this subject’s speed measure for 
this group. The composite measures thus obtained from the three groups 
of tests were named: (1) speed in blocks; (2) speed in form-boards; and 
(3) speed in cubes. 

An estimate of the reliability of these speed measures was obtained 
from the intercorrelations of the separate tests within each group by 
using the Spearman-Brown formula for a test times as long as the 
sub-tests, where n is the number of these sub-tests in the composite. 
These values are shown in Table I. 


Table I. Intercorrelations of the speeds tn the separate tests of the 
three groups from which the composite speed scores are made. 


f Cube- 
Block-design Form-boards construction 
= —— ———ə@”Ə. 
1 2 3 4 1 2 3 1 2 
Sub-test1 — 0:380 0-368 0081 — 0235 0:240 — 0-446 
» 2 — — 0406 046 — — 08 —  — 
» з — — — 0.423 — — — — — 
» 4 — — — HE ad — = = = 
Averages 0-352 0-186 0-446 
Reliability of composite 0:68 0-41 0-62 


[т 20-250 is just five times ёв P.R. for 170 cases.] 
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Results. The magnitude of the speed factor is to be sought in the 
values of the partial correlation coefficients between the speed scores 
when the influence of the ‘level’ factor is removed. The total correlations 
between the speed and ‘level’ measures are given in Table II, while the 
partial values between the speed measures are in Table III. 


Table П. Total intercorrelations of level and speed measures. 


1 2 3 4 B 
(1) Kuhlmann-Anderson mental age — 0-700 0:310 0-641 0-465 
E Performance test score 0-700 — 0-484 0-648 0-609 
3) Speed in blocks 0:310 0-484. — 0:332 0-332 
P Speed in cubes (0-541 0-648 0-332 — 0-555 
5) Speed in form-boards 0-406 0-609 0:332 0-555 — 


[7 — 0-250 is just five times its р.к. for 170 cases.] 


Table III. Partial $ntercorrelations of the speed measures, with (а) Per- 
formance Test score constant (top right half); (b) Kuhlmann-Anderson 
score constant (bottom left, with values $n brackets). 


1 2 3 
(1) Speed in blocks — 0-0275 — 0-0547 
2 Speed in cubes 0-205) zx 0-266 
3) Speed in form-boards (0-223) (0-406) — 


[r —0-250 is just five times ite P.E. for 170 cases.] 


Conclusions from these results. Before drawing conclusions from these 
results some preliminary factors have to be considered. Firstly, the 
possible influence of chronological age on the correlations has to be tested. 
With the performance test score, the Kuhlmann-Anderson mental age, 
and the median of all the nine speed tests, the Pearson coefficients of 
correlation are r=+0-02, r=+0-05, and r=—0-05 respectively. 
Secondly, it has been mentioned that the speed measures give a skewed 
distribution. The correlation ratios in typical cases, however, showed the 
regression to be rectilinear, and the Pearson coefficients are retained. 
Lastly, it must be shown that the factor which has been removed from 
the speed correlations by the statistical treatment does not include speed. 
Since previous work shows that the group-test ranking is not influenced 
by the time limit set, the score on the group test was taken as a measure 
free from any speed factor. But it is better to use a measure taken under 
conditions which allow responses to be made within an ample time limit. 
The time allowances in the performance tests were of this character. 
Time limits must be set to any test in practice, but they can be chosen so 
that they afford ample time for an intelligent response. In Kohs’ account 
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of his block-design test(T) (his time limits are used in the Drever-Collins 
scale), he says, “the time limit set for each design is about one minute 
longer than the time within which a correct response may reasonably 
be expected.” For the subjects of this group the actual distributions of 
the times are significant. With the easier tests of the scale the scatter 
lies well within the given limit, which is about five times the semi- : 
interquartile range from the median. In the more difficult tests the peak 
of the distribution lies within the allowance. And when it is remembered 
that the actual times allowed for assembling about a dozen pieces 
according to the pattern given are from about 3-5 min., it will be granted 
that the total score on these tests is primarily one of level of intelligence. 

The average of the total correlations between the speed measures in 
Table II is r=0-406. When level of intelligence, as measured by the 
performance test, is removed, the average of the partial relationships 
between the speed measures falls to r=0-116. Of the three values in the 
partial relationships, two are negligibly small, while one ig statistically 
significant, that between the speeds in cubes and form-boards. But there 
is no reason to suppose that the cubes and form-boards tests would have 
8 source of correlation which is not shared by the blocks test. Actually 
the latter test resembles the cubes test much more than does the form- 
board test, so the average of the partial correlations is probably the more 
important measure. This value is insignificant statistically, yet, since 
all of the relationships are positive, it cannot be neglected. We must 
therefore conclude that under the conditions described the time taken 
to solve problems of moderate difficulty is almost entirely determined by 
the level of the intelligence. It is nevertheless possible that a few 
individuals who tend to solve problems more quickly than others do not 
possess as great a level of intelligence. However, it is to be remembered 
that the conditions of the tests, without specific instructions to hurry, 
possibly allowed ‘speed preferences’ to exert a small effect. 

Ezp. II. An attempt to eliminate the effect of speed preferences was 
made by instructing a group of subjects to do a test of moderate difficulty 
with the greatest possible speed and accuracy. 

For this sixty-six students attending the Psychology class were used. 
The work chosen was the National Intelligence test—Scale A—Form 2. 
Time limits were experimentally determined so as to prevent any subject 
from finishing any of the sub-tests. The measure of ‘level’ was subse- 
quently obtained from a more difficult test, the Otis Advanced Ex- 
amination. š 

Results. Ав before, the results desired are the partial correlations 
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between the speeded tests when the ‘level’ factor is removed. Table IV 
gives the total intercorrelations of the five sub-tests in the National test 
and the ‘level’ measure (Otis score), while Table V gives the values when 
the ‘level’ factor is made constant. 


Table IV. Total sntercorrelations of the National 


sub-tests and Otis score. 
1 2 3 4 5 6 
1) Otis score — 032 032 024 044 0-43 
2) Nationall 032 — 041 0:25 0-41 0-00 
» 2 O82 0-41 — 0:34 042 0-10 
» 3 094 025 034 — 042 -002 


Average correlation between d testa, r =0-25. 
Average correlation between Otis score and es testa, т =0-85. 
[т =0-86 is just five times ita Р.Е. for 66 c cases.] 


Table V. Partial intercorrelations of the National sub-tests 
‘with level (Otis score) rendered constant. 


1 2 3 4 5 
(1) National 1 — 0-34 0-18 0-31 —0-16 
(2) nl — — 0-28 0:33 — 0:05 
(3) » 3 — = = 0-35 -014 
i » 4 — = — — — 0-04 
(5 » 6 — — — — — 


Average of the partial correlations, r 20:14. 
[r =0-36 is just five times its P.B. for 66 cases.] 

Conclusions from these results. We have again taken a measure from 
a time-limit group test as being one primarily of ‘level.’ The average of 
the total relationships between the speeded tests turns out to be less than 
that between these tests and the Otis score, which shows that any speed 
factor operating in the speed tests is of limited extent. But again we 
find that the speed measures retain a positive average intercorrelation 
when the ‘level’ factor is removed. 

It will be seen that this average is decreased considerably by the 
negative correlations between sub-test 5 and the others. This test is a 
substitution test, and hence differs from the others in being of a lower 
order of intellectual difficulty. Nevertheless, it correlates as highly with 
the Otis score as any of the other sub-tests, and this cannot mean that 
the Otis score involves more ‘pure speed’ than these easier testa do, but 
rather that the substitution test is not such a ‘pure speed’ test as it 
would seem to be. There is thus no reason for excluding it from the group 
of sub-tests, but, since its relationships are so exceptional, the averages 
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of the total and partial intercorrelations of the speed tests when it is left 
out are given below. 


Average of the total intercorrelations of the first four sub-tests in the 
National test, r=0-38. 
Same for the partial correlations, r=0-30. 


The difference between these two values is not so great as that between 
the corresponding values when the substitution test is included. In that 
case the average falls from r=0-25 to r=0-14. Hence, though not 
significant statistically, the constancy of sign in the partial relationships, 
leaving out the substitution test, demonstrates the existence of a factor 
of speed in these simple problems. 

Exp. IIa. The effect of reducing the difficulty still further was 
observed. The subjects were the same students, with the addition of 
another twenty. The tests were: 


(1) Cancellation of letters, of the usual type of this test. 

(2) Addition of groups of three single digits. 

(3) Forty simple arithmetical problems. 

(4) Forty simple sentence completions from Thorndike’s oavp 
series (13). 

(5) Passages of easy directions fom the Woodworth-Wells Associa- 
tion tests. 


The scores from (1) and (2) were taken as the number of correct 
responses within the time allowed. In the other tests the subjects com- 
pleted the given work and recorded the times they had taken to do each 
part. 

Individual timing while administering the test to a group was secured ` 
by the following method. Three sets of numbers were made, large enough 
to be seen at a distance of several yards, each set having the numbers 
from 0 to 9. The three bundles were fastened to the vertical edge of the 
table on the experimenter’s platform, and folded back upon the top of 
the table. The bundles were arranged so that by releasing the first sheet 
in each bundle the number 999 was exposed. This three-figure number 
was then changed by a unit every 2 sec. by releasing a sheet from the 
appropriate bundle. [Starting with the largest number first facilitated 
subtraction to get the times taken by the subject.] The subjects were 
asked to work as quickly yet as accurately as possible. At certain places 
in the tests they had to enter the time figure exposed when they had 
reached that point. These intermediate entries enabled a check to be 
kept upon the reliability of the recording. In two of the tests the times 
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for the two halves correlated r=0-60, arid r —0-71; which is satisfactory 
when it is remembered that the times include variability in performance 
as well as possible errors in recording. 

Accuracy was kept constant in the first two tests by counting correct 
responses only, while in the other tests the few subjects making errors 
were penalized. This was done by adding to the total time the average 
time per item of the test, one for each error, e.g. if the time required were 
80 sec. for the forty-item test and two errors were made, the time for 
scoring was taken as 84 sec. 

Results and conclustons. The intercorrelations of these tests and the 
Otis scores are shown in Tables VI and VII. 


` Table VI. Total correlations of the speeds $n tests of 


low difficulty and Otis score. 
Test 1 2 8 4 5 6 
(1) Otis score — 04 020 044 003 024 
(2) Cancellation 0-41 — 022 043 011 0-08 
2) Addition 0:20 0-22 — 0-28 0:20 0-41 
$i Directions 0-44 0-43 0-28 — 0-19 0:33 
(D) Sentences 0-03 0-11 0-20 0-19 — 0-36 
(6) Arithmetic 024 008 041 033 038  — 


Average correlation between Otis score and speeds, r —0-27. 
Average correlation between speeds, r —0-26. 
[r 20-33 is just five times its P.E. for 86 subjeota.] 


Table VII. Partial correlations between these speed 
measures when level (Otis score) їз constant. 


Test 1 2 3 4 ` 6 
(1) Cancellation — 0:16 031. 0-11 – 0:02 
(а Addition — — 0-21 0-19 0-38 
3) Directions — — — 0-20 0-25 
E Bentences — — — — 0-36 
5) Arithmetio — — — — — 


correlation between the speeds, r = 0-21. 
pii 0- 3 is just five times its р.к. for 86 subjects.] 


It will be seen that the interrelationships of the speeds in tests of 
low difficulty are almost independent of the ‘level’ factor, as measured 
by the Otis score. When this is removed, the average of the partial 
relationships is found to be very little changed, actually from r=0-26 
to r=0-21. Hence an ability for speed in these tests is quite apparent. 

The general conclusions on the question of the existence of a speed 
ability independent of ‘level’ in intelligent acts are, therefore, that such 
an ability exists to a noteworthy extent only in problems of very low 
difficulty. When these are more complicated, as in the performance 
tests, the times show almost complete dependence upon the ‘level’ 
factor. The similarity between the results from the National test and 
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the tests using simple tasks suggests that the former may have been of a 
rather low degree of difficulty for our purpose. Watching the subjects 
showed that they could do the tests without deliberation, the responses 
being made almost as fast as they could be entered. This was not the case 
with the performance tests used as speed measures. Thus the absence of 
the speed factor in the group tests used to measure ‘level’ for any 
particular group is apparently due to the fact that the limits afforded 
more than sufficient time for all the easy items to be done. 


(2) The existence of a speed factor independent of ‘g.’ 

Tables II, IV and VII have been tested for the existence of specific 
correlation by applying the tetrad difference criterion. These tables 
include speed measures, and measures primarily indicative of level of 
intelligence. This latter quality we know to be highly saturated with 
“g, and we also know that the correlations between the speed measures 
are partly determined by this factor. Therefore, if there is no factor of 
speed independent of ‘g, .e. no group factor of speed, the tetrad differ- 
ences from each table should diverge from zero only to an extent possible 
by the operation of chance errors. Spearman has given a formula for 
calculating the probable error of the distribution of tetrads from a table 
of intercorrelations (12), Form 16a) and by comparing this value of the 
expected divergence with that actually obtained, itis made clear whether 
there is п group factor as well as the general factor producing correlation 
between the tests. 

Results and conclusions. The observed and theoretical dispersions of 
the tetrads are given in Table VIII. 


Table VIII. The fifteen tetrad differences for each of 
Tables II, IV and VII. 


Table II IV VII 
0-007 0-008 0-011 
0-008 0 008 0:012 
0:013 0-012 0 023 
0-018 0-025 0-023 
0:026 0:025 0 029 
0-030 0-033 0-034 
0 030 0-033 0-035 
0-031 0-037 0 044 
0:036 0-040 0-051 
0-043 0-041 0-055 
0-054 0-048 0-063 
0 059 0-050 0-103 
0-081 0-063 0-119 
0-067 0 066 0 140 

. 0089 0-070 0-154 
Observed median 0-031 0-037 0-044 


P.E. theoretical 0-027 0-039 0-039 
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The close agreement of the observed >.z. of the tetrads in each table 
with that expected from chance errors proves defiñitely the absence of 8 
group factor of speed in tests of any degree of difficulty. Not one tetrad 
difference is more than four times the estimated P.E. As Spearman says (18), 
“0? has shown itself to measure a factor both in goodness and in speed 
of желт process." This result is in line with his conception of ‘g’ 
as mental energy, or, as Boring describes it @), mental power, the ability 
to do intellectual work against time. 


(8) The nature of the time differences in intelligent reactions. 

Having found no appreciable factor of speed in reactions of moderate 
difficulty, the question now arises as to the réle of intelligence in producing 
these time differences. It has already been mentioned that the latter 
are probably due to the number of steps taken in solving the problems, 
a good intelligence exhibiting fewer steps of a trial and error kind than 
a poorer one. In testing this there is difficulty in analysing the time 
differences, as it is not usually possible to count the number of steps 
taken in solving problems. However, it was thought that performance 
tests might offer a method of doing this, hence their selection for the 
comparison of times in the earlier section. In these tests, the steps are 
made with concrete material and they can be recorded with a fair degree 
of objectivity. Further, the same critical steps have to be made by all 
subjects. If the correlation between the number of steps and the time 
taken should prove to be high, the conclusion will be that individuals 
do not make steps at very different rates, and that the time taken for a 
problem is due to the number of steps the subject has to make. On the 
other hand, should this relation prove to be low, it will show that 
individuals may make the same number of steps in quite different 
times, and hence analysis of the time differences would have to proceed 
within the single step. Of course it is not suggested that all the steps 
are made with the pieces of the test, for good subjects will probably 
make many of these imaginally; but previous experience with these 
tests made it clear that many subjects make most of their solutions by 
trial with the actual pieces. 

Exp. ПІ. The subjects and tests were those described in Exp. I 
except for the extra data (the numbers of moves made by each subject). 
A move was taken to be any change of position of a block or blocks 
(sometimes two blocks were moved at once and this was counted as one 
move), when this was apparently related to the solution. Random move- 
ments of the parts when the subject was not looking at the whole were 
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not counted as moves. Since there were several observers it was thought 
advisable to check the recording of the moves. This was done by comparing 
the median number of moves in each test for the groups of subjects 
tested by each observer. These were found to be sufficiently alike to 
: include all the cases in one group. 
Results. The correlations between moves and times for three groups 
of tests in the scale are given in Table IX. 


Table IX. Correlations between time and moves in the performance tests. 
(1) Block-design 


Test 2 3 47 5 6 7 8 9 10 
r 0:66 0-80 0-78 0-82 (0-77) (0-79) (0-79) (0-84) (0-77) 
(2) Form-boards (3) Cubes 
Test 1 2 3 Test 1 2 3 
r 0:91 0-87 0-90 r 0:75 072 (0-71) 


Averages: (1) Block-designs: 
Average for 4-block testa (2—5), r 20-77. 
Average for 9-block tests (6—7), r 0-78. 
Average for 16-block teste (8-10), т —0-80. 


2) Form-boards, r —0-89. 
3) Cubes, r —0-73. 


[Coefficients in brackets are for fewer subjects than the whole group; r=0-25 is just 
five times ita р.к. for 170 cases.] 


Conclusions. The average values in the three groups are a few points 
higher than those which Kohs obtained for the relation between time 
and moves in his block-design test(T. His average value is approxi- 
mately r=0-7, but he recorded moves in a slightly different fashion and - 
his instructions possibly did not arouse the same attitude. There would 
thus be more opportunity for the operation of speed preferences. From 
his results he concluded that groups may be separated according to their 
method of work as slow and accurate, rapid and inaccurate, etc. It is 
difficult to accept this with the relationships between times and moves 
which he obtained, for these are high, keeping in mind the nature of the 
variables measured. The existence of such types would seem to be the 
exception rather than the rule from our data. Here the instructions 
asked for maximum effort, and this may have made the difference. 
Under these conditions it seems that the time is entirely governed by 
the number of steps required. If the latter is determined by the level of 
intelligence it may be asked here why the correlations between the time 
in a single problem and the ‘level’ factor are low. Accidental errors 
apparently produce the low correlations, for the correlation between 
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‘level’ and time rises as more tests are used to get the time measures. 
For instance, when all nine tests which were used for the speed scores 
are combined as before, the correlation between this time measure and 
the total score on the performance test becomes r=0-73. 

Some practical consequences arise from these results. With per- 
formance tests, the times taken to do а few tests of moderate difficulty, 
such as can be solved by nearly the whole group, givé a sufficiently good 
measure of intelligence to warrant their use in making а rapid survey of 
& group. Again, when speed preferences are ruled out as far as possible, 
itis unnecessary to weight both time and moves, as Kohs does, in scoring 
performance tests. 


IIL Summary AND CONCLUSIONS. 


Previous work shows conclusively that increasing the time allow- 
ances in time-limit tests of intelligence does not alter the rankings for 
intelligence in these tests. This indicates that the rate of work 4n these 
tests is determined by the level of the intelligence, yet popular opinion is 
almost unanimous in asserting that a separate ability for speed exists. 
Probably this is due to the fact that in everyday life people do exhibit 
& speed factor because they have natural speeds at which they prefer to 
work. In the tests, however, these preferences are overruled by the 
conditions of working at maximum pressure. Naive defence mechanisms 
also preserve the belief in a speed factor. 

More important is the acceptance of a factor of speed by psychologists, 
e.g. Thorndike and his workers. Here the factor is conceived as a ‘pure 
speed,’ or facility in cognitive processes, and is best manifested where the 
intellectual difficulty of the material is nearly zero. But such a factor 
must be eliminated in most of the intelligent reactions required in the 
tests, since the tasks there have considerable difficulty. Data have been 
obtained to test the existence of a factor of speed in the solving of tasks 
such as are used in intelligence tests. The times taken by a group of 
subjects to solve a number of problems were recorded, and a measure of 
level of intelligence was also obtained. The times correlated positively, as 
would be expected, but this relationship practically disappeared when 
the influence of the ‘level’ factor was removed. It has therefore been 
concluded that there is little evidence for an independent factor of speed 
when the conditions demand a uniform attitude of securing maximum 
accuracy at the greatest speed. When the problems are of low difficulty 
8 factor of speed comes into operation. 
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If intelligence is taken ав ће general factor “g, then no specific 
factor of speed is involved in solving problems, whether these are very 
easy or more difficult. 

By using performance tests it has been found that the times taken for 
more complicated tasks are highly correlated with the number of steps 
made. The latter will be chiefly determined by the level of the 
intelligence, and since the discriminating portion of group tests usually 
involves harder problems, the absence of a speed factor in these tests can 
be understood. 
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‘I. INTRODUCTION. 


Wits the co-operation of local Education Authorities, Prof. Godfrey 
Thomson's Group test (Northumberland Test No. 1) was used in 1925 
in an eastern administrative county and its associated borough for the 
dual purposes of making a survey of the children of ten and eleven years 
of age, and a first selection of pupils for admission to secondary schools. 
A score of 115 1.9. was fixed as the lower limit for admission to Part II 
of the examination (English and Arithmetic) with the safeguard that 
any child put forward by a head teacher or a parent might sit regardless 
. of his score. 

J. of Psych. xxiv. 8 19 ' 
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The results of the survey were given in а previous paper (1). 

For various reasons, poverty, parental ignorance, geographical diffi- 
culties, weakness in Part П of the examination, a number of children who 
scored 115 1.9. plus (including many 130's) did not enter a secondary 
school. 

The problems considered in this paper. 

Although in 1925 free places were awarded solely on the results of 
Part П of the examination in English and Arithmetic, for which purpose 
Dr Ballard’s standardized Silent Reading and Arithmetical Reasoning 
Papers (pp. 163 and 193 of The New Examiner) were used, the intelligence 
test score of each successful candidate was known and it appeared that a 
useful investigation might be carried out by keeping a record for four 
or five years of the progress of these children through the county 
secondary schools (cf. à)). 

It is proposed here to consider two problems: , 

(1) What characteristics are generally associated with a good 
secondary school record? ` 

(2) How far are secondary school records and the results of the School 
Certificate examination in agreement with the forecast given at entrance 
(a) by the group test of intelligence, or (b) by the examination in English 
and Arithmetic? 

The paper may serve as an example of the kind of investigation that 
the heads of secondary schools, who are interested in these important 
problems, might carry out with little disturbance of the ordinary routine. 

One important point should be specially mentioned. In order that 
the number of pupils under consideration may be increased, not only the 
free place candidates, but all the pupils in the secondary school forms 
which free place pupils enter, should take the tests. 


II. PROCEDURE. ' 


The first step was to prepare a record form for use by the staff of the 
secondary schools. A form of individual record was received from Mrs 
Susan Isaacs, and ultimately a draft record form for use in this in- 
vestigation was discussed with Prof. Cyril Burt and Prof. Godfrey H. 
Thomson. The discussion centred around the ‘characteristics’ to be 
recorded and the means of assessing them, but for reasons of policy and 
of the conditions of work in secondary schools not all the suggestions 
could be adopted. Moreover, at the end of the period the pupils about 
whom information was available had been reduced by early leavers and 
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by transfers elsewhere to the numbers shown in Table I, and these cir- 
cumstances have added considerably to the difficulty of presenting the 
facts. 

The number of boys and girls under consideration at each secondary 
school, and other details, are given in Table L 


Table L 
Secondary Size of тен 
n z о pupils under 
school Schools. consideration Bex 
A.B. 800 plus 16 M., F. 
B.N. 12 M., Е. 
C.8.B. 100-200 | 10 M. 
D.8.G. 5 F. 
E.H. Below 100 9 M., F. 
Total 52 


Early in 1926 the heads of the secondary schools to which boys and 
girls had been sent as free place pupils were interviewed and acquainted 
with the purpose of this investigation, which required the keeping of а 
full record of the secondary school life of these pupils. Their valuable 
co-operation was readily obtained. The record forms were collected from 
five secondary schools after the School Certificate examination in 1930— 
during the year July 1930-1. At the same time the heads of the schools, 
in personal interviews with the writer, gave an account of each of the 
boys and girls who had been with them four or five years. The interviews 
dealt with outstanding pointe of character, health and circumstances 
that had affected the school life of the pupils. 


III. Data ON WHICH THIS PAPER IS BASED. 


At ‘ip end of the period the information available for each pupil 
included: 


(1) The examination record before and after entering the secondary school, viz. 
(а) LQ. scores, 1925; (b) 1.9. order of merit; (c) free place examination marks (English 
and Arithmetic), 1925; (d) free place order of merit; (e) School Certificate results. 

(2) The secondary school record, (a) form position at the end of each term; (b) a 
‘Final Order’ prepared by the heads of the secondary schools based on a consideration 
of the school record and the School Certificate examination, without regard to other 
factors. 

(3) Marks for ‘characteristics’ оп a seven-point scale (see p. 298): (a) assessed at 
the end of the first year; (b) the pooled assessment of the staff over a period of four 
or five years. 

(4) An individual record that throws light on points of character, health and home 
life. i . 

19-2 
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The tables for each secondary school are somewhat complicated and 
cannot be published $n extenso, but the information has been made use 
of in the discussion of cases where there ів a discrepancy between the 1.0. 
and final secondary school orders. 


IV. CHARACTER AND TEMPERAMENT. 


For success at school intelligence must not fall below a certain level, 
different for different individuals, but the brilliant boy with defects of 
character may fail while the boy of average intelligence coupled with 
abnormal powers of perseverance and a determination to succeed may 
surpass comrades possessed of greater inborn potential ability. 

The quantitative estimation of traits of character has presented great 
difficulties and work in this direction has lagged behind the measurement 
of intelligence, but since the early years of this century definite progress 
has been made. In The Abilities of Man (Chap. xx) Prof. Spearman has 
reviewed the work down to 1927 including the scientific research of Dr 
Edward Webb published in 1915 as a monograph by the British Psycho- 
logical Society 8). Reference should also be made to recent papers by 
H. G. Stead (4) and David W. Oates (5, 6) on the estimation of temperament 
and character and to the 1913 report of the Assistant Masters’ Associa- 
tion (1). : 

To secure co-ordination it is the practice to define the qualities of 
temperament or character to be estimated and to describe the scale of 
marking. For the purpose of this enquiry the list of qualities included 
intellectual, temperamental, social, and physical characteristics, together 
with energy and general emotionality. 

Copies of the schedule that follows (without the sub-heads below) - 
were provided for each secondary school together with instructions for 
marking. 

Schedule of characteristics for secondary school record. 
Intellectual. 

(1) Quickness of comprehension; alaority in understanding new material. 

(2) Profoundness of comprehension; completeness with which the new material 

` ig grasped. Depth—as distinct from superficial apprehension. 

(3) Soundness of common sense; judgment. 

(4) Originality of ideas; ability to suggest his (her) own solutions of difficult 

situations. 
Temperamental. 

(5) Attention; ability to resist distraction in class and during preparation. 

(6) Persistence; perseverance in spite of difficulty or when the task is dis- 

agreeable. 
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Social. 
(7) Manners. Behaviour—polite or iis sas or displeasing. 
(8) Leadership; degree to which he (she) spontaneously takes the lead. 
(9) Bociability; preference for being with other people. 
Physical. 
(10) Physical fitness; a layman’s estimate. 
(11) Sportsmanship; interest in sport and games. Appreciation of the team арі» 
Others. 

(12) Energy; aotivity-in | both work and play. 

(13) General emotionality; high exoitability of all or most of the бшш аз 

opposed to apathy, stolidity or a placid nature. 

Of the intellectual items (1) to (4) are almost identical with the qualities listed by 
Dr Webb, and (5) and (6) are related to Nos. 33 and 34 of his soheme—No. 33, Tendency 
not to abandon tasks in the face of obstacles: No. 34, Tendency not to abandon tasks 
from mere changeability. i И a 
7 Instructions jor Marking. _ 

Scale: Plus 8; plus 2; plus 1; 0; —1; —2; —8. Put the plus aign ав well as the 
minus sign. The comparison in every case is with the average boy or girl of the same 
age known to you. 

(a) The ‘mark plus 3 is for those showing a very high degree of the quality as 
compared with the average boy or girl of the same age. 

(b) Plus 2. Distinotly above the average. 

(c) Plus 1. Slightly above the average. 

(d) 0. Possessing the average degree of the quality. 

(e) Minus 1. Slightly below. the average. : 

(f) Minus 2. Distinctly below the average. _ A 

(g) Minus 3. Showing the lowest degree. 


Independent estimates each July by the form master or mistress were 
asked for, but only one record form was used for each pupil In this 
connection Prof. C. W. Valentine writes: “ It is,-I think, better to have 
an assessment made by three teachers in collaboration than to blend 
assessments made independently. In. judging ‘Trustworthiness,’ for 
example, one glaring default, known only to tedcher A, may probably 
influence the mark of the other two, B and C, if told to them, whereas the 
low mark of teacher À: might otherwise be swamped by the good marks 
from B and C."(8. Burt has suggested means whereby the ratings of' 
different observers may be made more nearly comparable and the.ratings 
of the same observer kept more closely consistent amongst themselves; 
but in this case the secondary schools were widely distributed, and it was 
not possible for the observers to enjoy a first-hand intimacy with repre- 
sentative children picked out at intervals along a percentile soale to 
serve ав common and constant pointe of reference (9). 
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The sequel will indicate what results it is possible to obtain in 
relatively small secondary schools without elaboration of technique. 


Table II. School B.N. 


Final of com- compre- оѓ соттоп Originali 
Group Pupils order prehension hension EPDSe otideas Attention Persistence 


(a) E. 1 2-0 2-0 20 2-0 0-2 2-0 
A. 2 1-0 1:6 1:0 1-0 0-8 1:6 
C. 3 1-0 10 0-8 0 16 10 
(b) D. 4 1-4 2-8 L8 1:6 2-0 2-0 
L. 5 0-75 1-75 1-75 1-5 - 0:25 0-5 
а. 6 1:0 0 0 0 0 0 
B. 7 -0-6 —0-6 0 —0-6 0 0 
I. 8 0-4 0 0-2 0-2 0 10 
Ч. 9 -10 -0-6 0 -1-0 0 0 
(o) K. 10 -0:2 -0-6 -02 0 -06 0 
H. Il -1:2 -1-2 0 -Ll0 0 0 
F. 12 -0-4 0 0 0 - 04 –0:6 
Average scores of groups (а), (b) апа (с). 
Quickness Profoundness Soundness 
of com- ofcom- ofcommon Originality 
Group prehension prehension sense of ideas Attention Persistence 
a) 1-38 1-58 1-26 1:0 0-86 1:58 
(b 0-32 0-56 0 62 0-28 0-29 0-58 
te) – 0-6 -0-6 —:06 — 0-38 — 0-33 -0:20 
Scale differences between groups (a) and (b), and (a) and (c). 
Quickness Profoundness Soundnesa 
of com- ofoom- ofcommon Ori ty 
Groups prehension prehension sense of ideas Attention Persistence 
a) and (б) 1-01 0-97 0-64 0-72 0-57 0-95 
a) and (c) 1-93 1-80 1-32 1-33 1-19 1-73 
School A.B. 
For the groups (a), (b) sad (c) in a second school A.B., with sixteen pupils, 
he results are given below. 


Average scores P groups (a), (b) and (c): extremes in bracketa. 
Quickness  Profoundness  Soundnees 


of com- of com- of common Originality ` 
Group prehension prehension sense of ideas Attention Persistence 


(a) 1-25 1-55 1-2 0-7 1-75 1-4 
(2:2, 0) (2-2, 1) (14, 1) (1-2, 2) (2, 1) ‚ (2:2, 0-6) 
(b) 0-12 0-37 0-2 0 0-9 0-84 
(06, —025) (0-8, 0) (1, 0) (0-25, 0) (2, 0) (2, 0:2) 


(e) -068 0-1 -01 -0-2 0-11 0-34 
(08, -1) _ (04,0) (0:8, — 0-6) (0:8, — 1) (0-25, 0) (1, —0-25) 
Scale differences between groups (a) and (b), and (a) and (c). 
Quickness Profoundness Soundness 


of com- of com- of common inality 
Groups prehension prehension sense of ideas Attention Persistence 
(a) and (5) 1-13 1-18 1:0 0-7 0-85 0:56 


(а) and (с) 1:85 1-45 1:3 0-9 1-64 1:06 
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V. INTELLECTUAL AND TEMPERAMENTAL QUALITIES, 


The first problem is to find out which of the qualities under con- 
sideration are associated with good secondary school records. We will 
first consider the qualities labelled ‘Intellectual’ and ‘Temperamental’ 
in relation to orders of merit (named ‘final orders’ in the text) prepared 
by the heads of secondary schools, after consideration of form orders, 
and the result of the School Certificate examination. For convenience 
of study the final orders in the су schools B.N. and А.В. have been 
divided into three parta: 


A top section (a)—above the Ist quartile. 
A middle section (b)—the interquartile range. 
A bottom section (c)—below the 3rd quartile. 


` The pooled scores of a number of judges (three to five), extending as 
a rule over four or five years, have been entered in Table П for the larger 
schools B:N. and A.B. so that the differences between the average scores 
of the groups (a) and (6), and (a) and (e), may be observed with a view 
to determining how pupils with the highest secondary school record 
compare with the middle and lowest sections. 

Taking into consideration the tabulated qualities, it is clear that the 
scores for the groups (a), (b) and (c) are in descending order, and that the, 
(a) scores greatly exceed (c). Thus an inspection of the detailed tables 
coupled with the evidence of coefficients of correlation gives a general 
picture of the group, and helps in the solace of the problem under 
consideration. 

Coefficients of correlation (r) have been calculated for the Final 
Orders of two secondary schools and each of the qualities 1 to 6, and for 
the combinations 1 to 4, 1 to 6 and 5 to 6 inclusive (see Table IIT). 


Table ПІ. Correlations of final secondary school orders and (1) Quickness | 
of comprehension ; (2) Profoundness of comprehension; (3) Soundness 
of common sense; (4) Originality of ideas ; (5) Attention ; (6) Persistence. 

Quality Р.Н. 
No. of 


==. 
Sohool pupils 1 2 3 4 5 6 14 1-6 8-6 Min. Max. 


A.B. 16 0-63. 0-88 0-84 063 086 0-63 0-72 0-88 093 0-023 0-102 
BN. 12 081 0-76 0-76 0-63 0-72 0-84 0-81 0:76 0-81 0-057 0-102 


Average 0-72 0-82 0:80 063 0-79 078 — — — — — 


The reliability of the marking by secondary, schools is indicated 
below, where, omitting ‘ Attention,’ the order of scale differences expressed 
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in marks for groups (a) and (c), beginning with the highest difference, is, 
for A.B. and B.N., similar (see Table TV). К 








š Table IV. 
School A.B. School B.N. 
Differences i Differences 

‹ between рв etween ps 

š (a) and (c) Order (a) and (c) Order 
Quickness 1:85 1 1-98. 1 
Profoundness - 1-45 2 1-80 (o 
Common sense 1:30 8 1-32 . (44) 
Persistence 1-08 4 1.78 (3) 

0-90 (5) 1-33 (44) 


VI.. PRYSIOAL, SOOIAL AND EMOTIONAL QUALITIES. 
It is now necessary to consider the social, physical and other char- 
` acteristics of the secondary school record and their relationship (if any) 
to the final orders. For this purpose the average scores of the sections (a), 
(b) and (c), and the scale differences (a) and (5), and (a) and (c), are given 
below (see Tables V and VI). 


` Table V. School B.N. 
Average scores of groups (a), (b) and (c). 
ical 


Social Physi 
m General 
Leader- Восів- ата Sports- emotion- 
Groups Manners “sahip bility fitness  manship Energy alty ` 
(a) 0-66 0-06. 0-06 0-66 0-80 0-40 0-66 
(b) 0:33 —0-30 0-39 0-18 0-03 0-42 0-50 
(с) 0 -0-73 —0-02 — 0-06 0-18 —0-40 —0-40 
Scale differences between groups (a) and (5), and (a) and (c). 

(a) and (b) 0:33 0:36 0-33 0-48 0-77 0-02 0-16 
(a) and (c) 0-66 0-79 0-08 0-72 0-67 0-80 1-06 
Table VI. School A.B. 

Average soores of groups (a), (6) and (c). 

Social Physical 
_ — — ... ——[ [V General 

Leader- Socie- Physical Sporte- emotion- 
Groups Manners ship bility fitness manship Energy ality 
a 1-10 — 0:10 0-45 0-45 0:75 0-60 -0:05 
b 0-54 — 0-68 — 0-22 -027 -—009 0-06 0 
` (e) - 0:72 – 0:85 0-30 -0.00 3-031 — 0:10 0:25 
Scale differences between groups (a) and (b), and (a) and (c). 
(a) and (b 0-56 0-58 0-67 0-72 0-84 0-54 0-05 
(a) and (o 0-38 0-75 0-15 1-05 1-06 0:70 . 0-30 
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Except in the case of physical qualities the scale differences are much 
lower than in the previous tables. š 


Manners. Scale differences are small, and there is no gradation of marks from 
(a) to (c) except in B.N. 

Sociability. Again there is irregularity except in schools D.S.G. and E.H., where 
the lowest pupils in the final order have the highest marks.’ 

Leadership. The marks for (a), (b) and (c) are in descending order but the differences 
are small. In A.B., three of the four in group (a) score between 0 and 0-5, and in 
(e) a like number score between 0 and —2. 

It is noteworthy that leadership is not a characteristic of this selected group for, 
of the fifty-two pupils under’ consideration, 48 per cent. have been awarded в minus 
mark. In A.B. the (a), (b) and (c) groups, and in B.N. the (b) and (c) groups are 
awarded minus marks. Moreover, none of the seven (a) children in A.B. and B.N. has 
a plus 1 mark. ў 

Physical fitness. For the larger schools A.B. and B.N. there is в regular gradation 
from (a) to (c), and the scale differences are important. Four-sevenths of the (a) groups 
score plus marks, and the same proportion of the (c) groups are marked minus. The 
correlations with the final orders аге positive i 

r for А.В =0-43 

r for aoe ire Average 0:53. 
While 50 per cent. of the (a) groups score a plus mark and 16 per cent. a minus mark, 
the corresponding figures for the fifty-two pupils are—plus, 86 per cent.; and minus, 
27 per cent. I 

Energy. The scale differences are in descending order except in school D.S.G., but 
the differences are not marked, and the range is usually plus 1 to minus 1. , 

General emotionality. The differences are not very helpful but individual marks are 
significant. 


` 


The following is the distribution: 
Plus 9 Minus 
For the whole group—52 pupils 17 19 16 
For the top 12 in the final orders (a) 5 5 2 
For the lowest 12 in the final orders (c) 5 2 5 


Thus the (a) group is distinguished by normality or plus marking, and the (c) group 
by somewhat greater deviations from the normal. The majority come within the range 
plus 1 to minus 1. 


ТҮП. COMPARISON OF SECONDARY SCHOOL FINAL ORDER WITH THE 
ORDER IN THE NORTHUMBERLAND Тезт No. 1. 


It will now be of interest to consider how far the secondary school 
final orders agree with the order of merit in the intelligence test, &nd to 
examine notable differences}. 

1 For school A.B. the value of r is 0-66 +0:115 and for school B.N., 0-54 4-0-1387. It is 
to be noted that the correlations are based on small numbers because it was not possible 
to amalgamate the secondary school orders, Actual differences in rank are given in Tables VIT 
and VIII. The correlations would have been Higher had all pupils who scored high 1.9.’s 
been admitted (see Introduotion, p. 290). ' 
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The arrangement of the data in Tables VII and VIII indicates the 
- nature and distribution of the rank differences, In Section 1 of Table VII, 


the differences in rank are small and the pupils are grouped under three 
heads: 


(a) Those with a high position in test and final order. 
(b) A middle group. 
(c) Those with 8 low position in test and final order. 


Table VII. School A.B. 
Section 1. Rank differences not more than four places out of sixteen. 





(a) (0) (o) 
High in teet Low in teet 
and final order Middle group and final order 
FS Е MM uem — 
Pupils A. B. C D. E F. H. I K. L. M. 
Rank in 1.9. ld 1 3 4 6 7 71 9 Il 12 13 
Rank in final 5 1 2 4 8 10 3 ll 12 13 16 
Differences in rank я + 1 0 3 з 4 2 1 1 21 
Section 2. Rank differences of more than four places out of sixteen, 
Higher in 1.Q. Higher in final 
Lower in final Lower in 1.Q. 
——— ——r 
Pupils G. J. N. О. Р. 
Rank in LQ. 7 10 . 134 154 154 
Rank in final 14 15 6 9 7 
Differences in rank 7 5 7} 64 8{ 


Looking at ће figures in Section 1, there is а close agreement between 
the Final Order and the r.q. results obtained in 1925. The rank differences 
do not exceed 25 per cent. of the number of pupils in.the secondary 
school group and the deviations are often much less than this. A. and Н. 
alone call for comment. The drop fram 1} to 5 in case A. is amply 
accounted for by certain unhappy circumstances recorded in the in- 
dividual report of the headmaster. As to pupil H. the pooled record of 
his characteristics by observers over a period of five years is perhaps 
sufficient to account for his higher rank in the Final. His marks, all 
plus, were: Attention 2; Quickness of comprehension, 0; Profoundness of 
comprehension, 1; Persistence, 1; Common sense, 1; Energy, 1:2; Physical 
fitness, 1-8; General emotionality, 0. 

In Section 2 of Table VII the differences in rank are wider, and the 
grouping differentiates between those who took a higher position in the 
final than in the test and vice versa. On consideration of these discrepant 
cases the following extracts from individual reports and available data 
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(E, elementary school, 1925, and S, secondary school, July 1930-1) 
appear to be relevant: 


G. 


X.Q. order, 7/16 (7th out of 16). Secondary school final order, 14/16. 

Age on entry, 11.5. LQ. 133. (Range 153 to 115.) 

Entrance examination in Arithmetic and English, 9/16. 

Form position at end of Ist year, II a, 30/35. 

Form position at end of 4th year, IV a, 19/31. 

(E) Interest—books. 

(S) Memory and reasoning power below the average. Mathematios v weak and Jittle 
interest in books. Pleasant, sociable and in conversation of average ability, 
but in no sense of the word a student. 

The pooled assessment of characteristics by four judges over a period of five years 
are: Persistence, 0-6; Physical fitness, —0-6; for the rest, 0. 


I.Q. order, 10/16. Secondary school final order, 16/16. 

Age on entry, 10.10. т.а. 129. 

Arithmetio and English order, 64/16. 

Form position at end of 1st year, II b, 14/34. 

Form position at end of 4th year, IV b, 20/28. 

(E) Interest—Persons. 

(S) Poor health and in consequence irregular attendance. Academic career 
unsuitable. 

Ten of thirteen qualities are assessed with a minus sign. Physioal fitness, General 
emotionality, Quickness of comprehension, Originality of ideas: all —1. 


` 


. 1.9. 123. O., P. rq. 115. Although low in the LQ. order, each of these pupils had 


sufficient ability to profit by a secondary school career. In two of the three 
cases persistent hard work enabled them to forge ahead of abler comrades. 


. I.Q. order, 134/16. Secondary school final order, 6/16. 


Age on entry, 12.3. 1.Q. 123. 

Arithmetio and English order, 16/16. 

Form position at end of lst year, II a, 5/35. 

Form position at end of 4th year, V b, 1/23. 

(E) Stolid. Persevering. Interests—books and gardening. 

(S) Success due to persistent hard work, rather than to superior intelligence. 
Attention, 2; Persistence, 2; Energy, 1; General emotionality, 0 

Passed School Certificate with credits in Mathematics, Geography and Art. 


. 1.9. order, 154/16. Secondary school final order, 9/16. 


Age on entry, 12.2. 1.Q. 115. 

Arithmetic and English order, 15/16. 

Form position at end of Ist year, II b, 5/34. 

Form position at end of 4th year, V b, 9/20. 

(E) Quiet and reserved. Interest—books. 

(8) Attention, 0-8; Persistence, 0:8. Two qualities only marked minus. 
Passed School Certificate with two credits, 
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P. т.д. order, 153/16. Secondary school final order, 7/16. 
Age on entry, 12.4. 1.Q. 115. 
Arithmetio and English order, 11/16. 
Form position at end of Ist year, II b, 9/36. 
Form position at end of 4th year, V b, 2/23. 
(E) Of retiring nature, with little interest in games. 
(8) Not always bright. but a hard worker. Attention, 1:2. 
Paased School Certiflcate in 1930 with five credits. 


N. and P. came from small rural elementary schools, which ora вчера soale 
A. to E. would be marked B., 


The explanations given fare appear to be sufficiently significant to 
account in large measure for four of the five cases showing a wade diver- 
gence between the 1.Q. record and the final order: 

To contrast with the discrepant cases, some details are now given of 
pupils whose rank order in the final was very near the rank order in the 
intelligence test. 


D. rq. order, 4/16. Final order, 4/16. ; 
Age on entry, 11.2. LQ. 144. 2 E 
- Arithmetic and. English order, 34/16: 
Form position at end of 1st year, II b, 9/34. 
Form position at end of 4th year, V b, 4/23. : 
(E).Industrious and eager to find out things alone. Intereste—books and things. 
(8) Very intelligent and also a hard worker. Did not develop very quickly but 
made excellent progress during the past two years. Good all round, and best 
in Mathematics and Science. Good athlete. 
Marks for characteristics, all plus, including: Quickness, 1-6; Profoundness, 1:0; 
Common sense, 1-2; Leadership, 0-4. 
Passed in 1929, and obtained Honours and seven credits in 1930. 


C. LQ. order, 3/16. Final order, 2/16. 

Age on entry, 10.11. r.q. 160. 

Arithmetio and English order, 1/16. 

Form position at end of Ist year, П a, 2/35. 

Form position at end of 4th year, V a, 3/26. 

(#) Absent from school for periods through ill-health which undoubtedly affected 
gharacter and temperament. Reserved, few friends. Interest—books. 

(8) Intelligent and a very hard worker. A student more than anything else. 
Reserved and apt to be unsociable. 

Quickness; Profoundness; Attention; Persistence: all 2 plus. Leadership, 0-2. 

Passed with Honours and six credits in 1929. 


K. rQ. order, 11/10. Final order, 12/16. 
Age on entry, 11.11. 1.9. 127. 
Arithmetic and English order, 14/16. 
Form position at end of Ist year, II b, 13/34. 
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Form position at end of 4th year, IV a, 20/81. 
(E) Intereste—books and persons. 


(5) Up to 1925 health indifferent and in consequence this pupil had little ground- 
work. Not unintelligent and failure due to health trouble in early years. 
Attention and other characteristics mainly 0. Leadership, — 1-0. 


A classification of school B.N. on the lines of that for school A.B. is 
given below. 
Table ҮШ. School B.N. 
Section 1. Rank differences not more Tuan. three places out of twelve; 
(a) (b) (с) 


‘ 


High in test Low m test 
and final order Middle group апа final order 
—"—_ = SS 
Pupils A C. D. G. I. H. J. K. 
Rank m r.q. 1 3 4 6 9 8 10$ 10$ 
Rank in final 2 3 4 6 8 11 9 10 
Differences in rank 1 0 0 + 1 3 14 i 
Section 2. Rank differences of more than three places out of twelve 
her in LQ. Higher in final 
Lower in final Lower in I.Q. 
Pupils B. F E L. 
Rank in 1.9. 2 5 12 
Rank in final 7 12 1 5 
Differences in rank 5 54 4 7 


The following are observations on the discrepant cases: 


B. LQ. order, 2/12. Secondary school final order, 7/12. 
Age on entry, 11.7. 1.9. 140. 
Arithmetic and English order, 5/12. 
Form position at end of Ist year, II, 12/33. 
Form position at end of 4th year, IV b, 6/26. 
(R) Less intelligence than the 1.9. would lead one to expect. . Good powers of 
concentration. 
(8) Careful, diligent, slow. 
For characteristics there is no score above 0. 
Did not take School Certificate. 


т.д. order, 6/12. Secondary school final order, 12/12. 

Age on entry, 11.10. 1.9. 128. 

Arithmetic and English order, 10/12. 

Form position at end of Ist year, П, 9/33. 

Form position at end of 4th year, absent. 

For characteristics there are eight minus scores, and among them Attention, — 0-4; 


Persistence, —0-6; Energy, —0-6; Physical fitness, — 0-2; General emotionality, 
—0-2. 


The pooled marks are lower than those for the Ist year. 


308 Intellectual, Temperamental and other Qualities 


E. rq. order, 5/12. Secondary school final order, 1/12. 
Age on entry, 11.2. LQ. 131. 
Arithmetic and English order, 14/12. 
Form position at end of lst year, П, 3/33. 
Form position at end of 4th year, V, 1/13. 
(H).Interest—books and things. Persevering. 
(S) For characteristics (1-6) the second best record of the group. For all in- 
` telleotual qualities, plus 2. Persistence, plus 2. Physical fitness, plus 1. 


L. т.д. order, 12/12. Secondary school final order, 5/12. 

Age on entry, 12.10. 1.9. 106. 

Arithmetio and English order, 3/12. 

Form position at end of 1st year, П, 2/33. 

Form position at end of 4th year, V, 5/13. 

(E) Interesta—books and things. 

(S) For Profoundness of comprehension, Common sense, Originality, 1-5 plus; 
Physical fitness, 0-5; Energy, 0-75; General emotionality, 2-0; Attention, — 0-25. 

Passed School Certificate in 1929 with a ‘good’ in Mathematics and a distinction 
in Arti, 


VIII. Comparison OF SECONDARY SCHOOL FINAL ORDER WITH 1925 
ENTRANOE EXAMINATION ORDER IN ARITHMETIO AND ENGLISE?. 


Expressed in terms of the sum of differences in rank the figures are: 


Five secondary 
I A.B., B.N. schools 
(a) Sum of differences in rank between secondary 85 139 
school final orders and r.q. orders 
(6) Sum of differences in rank between secon- 100 181 
dary school final orders and English and 
‚ Arithmetic orders 


It is probable that the wider differences in the five secondary schools 
between (a) and (b) may be accounted for by the method adopted in 
making an age allowance in the entrance examination in English and 
Arithmetic, for it has been found by an independent examination of two 
groups of 41 and 42 pupils that there is a close correspondence (7 = 0:8 
plus) between the results of the Northumberland Test No. 1 and the 
results of an examination in Dr Ballard’s English and Arithmetic papers 


1 H. G. Stead(10), working with larger numbers, has made a more comprehensive 
classification of pupils in his paper, “Factors in Mental and Scholastio Ability,” and C. W. 
Valentine in his published volume gives an interesting account of an enquiry into the 
reliability of examinations with special reference to entrance examinations to secondary 
schools, the School Certificate examination, and the award of scholarships at Universities (11). 

3 For these orders the average correlation (r) for the groups in the larger schools A.B. 
and B.N. is 0-40 (р.в. +0-116). 
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when a correction for age is made by the calculation of educational 
quotients!, 


No. of Range Range 
pupils Age range of 1.9. of E.Q. r P.H. 


(a) Town A 41 10-8-12-1 85-142 10—155 0-81 +0038 
(b) Town B 42 10-2-12-1 85—147 55—144 0:80 +0:038 


IX. RELATION BETWEEN THE RESULT OF THE N ORTHUMBERLAND TEST 
No. 1 (1925) AND THE RESULT OF THE SCHOOL CERTIFICATE 
| EXAMINATIONS OF 1929 AND 1930. 


Unhappily it is not possible to present the whole of the table of 
results, but a useful summary of the facts is obtained by considering 
(a) the ‘credits’ in relation to intelligence quotients, (Б) the failures, 
(c) pupils who did not sit, and, lastly, (d) the discrepant cases. 

(a) Comparison of 1.9. groups with average number of credits. 


A 
No. of number of 
pupils LQ. groups C 
8 ` 150 plus 6:0 
5 140-149 48 
15 130—139 44 
16 120—129 l4 
9 110-118 10 
4 100-109 3-5 
Total 52 ç 


Thus, on the whole, neglecting for the moment the lowest group, 
those pupils with high mental ratios acquitted themselves better than 
those with lower mental ratios, but all the boys and girls with high 1.9.’s 
(130 plus) did not do well—three failed; one in French only, and two for 
reasons other than want of intelligence. The correlation (r) between the 
respective orders of merit in the two examinations is 0-53 + 0-065. 

(b) Of the six who scored 110 plus and failed: 


Two were ill—one definitely so, and the other was physically weak. 
One had cause for great emotional disturbance. 

One was not a student and was marked minus for physical fitness. 
One was reported as ‘slack.’ 

One failed in French only. 


(c) Of the twelve who did not sit for the School Certificate: 


Five were marked minus for physical fitness and the following aro relevant 
‘observations made by their teachers: 


1 An important contribution to the vexed question of age allowance has been made by 
Prof. Godfrey H. Thomson in his papers on the “Standardization of group teste and the 
scatter of intelligence quotienta" (12). D Ë 
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Two were said to be ‘slow’; both were interested in ‘things,’ rather than in books. 
One had ability, but no interest in books. 
One had no ambition—interest in ‘things.’ 
Three left in 1929 before taking the examination. 
Two had unfavourable home conditions. 
One was not & worker. i 

Seven of the twelve were assigned minus marks in the pooled estimates for three 
of the intellectual qualities—quickness and profoundneas of comprehension, sound- 
ness of common sense, and originality of ideas. Two of the seven also received minus 
marks for ‘attention’ or ‘persistence.’ 

For the first four in group (e) 8 normal secondary school course was 
probably unsuitable. . 

(d) It is somewhat surprising however that three of the four pupils 
R., S., T., who scored only average 1.9. marks (100-109) did so well in 
the Certificate examination. In this connection Prof. Thomson writes, 
“Persistence and hard work may explain many a slowly developing 
child without any need to suppose that he had become more intelligent; 
and lack of those qualities may explain the reverse phenomena without 
any actual change in intellect having occurred” (18). 

Pupil R., for example, scored 107 т.д. and obtained only 67 marks for 
Arithmetic and English and yet he did as well as Pupil X. whose 1.Q. 
worked out at 144 and who scored 129 marks for Arithmetic and English. 
In his first year at the secondary school R. was marked plus 2 for 
Quickness and Profoundness of comprehension, Attention, Persistence 
and energy, and in the last year his marks for the same qualities were 
raised to plus 3. Similarly Pupil 8. was marked plus 1 for Quickness of 
comprehension, Attention and Persistence in the first year, plus 2 for 
Persistence in the second, third and fourth years, and plus 2 for the 
qualities (1) to (6), except ‘Originality’ in the third and fourth years. 
Plus 2 for Profoundness of comprehension was the highest mark scored 
by T. Plus 1 for Persistence in the fourth year is also notable. On con- 
sidering the annual marks for qualities (1) to (6) (p. 298), energy and 
physical fitness, awarded to pupils R. and 8., there appears to be evidence 
of growth in intellectual and temperamental qualities, but on examination 
of the marks for other pupils in this school а marked increase in the 
estimates from year to year is revealed. Thus R. and 8. are not peculiar 
in this respect and the hypothesis of growth breaks down. Further 
enquiry into the case of R. throws some light on the discrepant result. 
During the period 5-7 this pupil was delicate and he was not promoted 
from an infants’ department to the elementary school until 7 years 
11 months. Thus he spent nearly a year less than the normal period in 
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the elementary school before taking the free place examination. This 
alone is probably the explanation of comparatively low marks in English 
and Arithmetic at 11 years of age. This pupil's strongest subject was 
Mathematics and his weakest English. Any weakness in ability to read or 
to understand English at the date of the test would certainly be revealed 
in the Northumberland Test score, for explanations of the sub-tests need 
first to be read and understood. Further evidence is available. Home 
conditions and parental influence resulted in consistent good home work; 
over a period of years, and were factors of importance leading to success 
in the Certificate examination. It may be added that the experimental 
group of 52 pupils when compared with official figures (1930) for the 
country as a whole differs little from the normal. ` 


Sat Passed Failed 
% ‚% % 
Country—Boys 67-7 55-4 12-3 
Girls ; 63-0 52-3 10-7 
Experimental group 67.3 558 , 11:5 


X. SUMMARY. 


1. (a) Attention and Persistence as defined in the schedule of 
characteristics are of fundamental importance. ; 

(b) The qualities (1) and (2), Quickness and profoundness of com- 
prehension, (3) Soundness of common sense, and (4) Originality of ideas, 
are associated with school success. (4) appears to be of less prognostic 
value than (1) to (3). 

(c) A predominant interest in ‘books’ as'distinct from an interest 
in ‘persons’ or ‘things,’ at age 10-12, is & characteristic of many pupils 
who succeed on transfer to secondary schools. I 

(d) Social qualities'and Leadership bear little relationship to school 
success. 

(e) Of other qualities ‘Physical fitness’ is of nearly the same import- 
ance as ‘Intelligence.’ 

2. (a) When the rank orders in the Northumberland Test No. 1, and 
in the secondary school Final' Orders are compared, there is substantial 
agreement in 61 per cent. of the cases under consideration. 

(6) ‘Wider differences’ between the Final Order and the test are 
often due to temperamental or health factors. In a few instances, 
reasons for the deviations have not been discovered. ' 

(c) The average number of ‘credits’ gained by candidates at the 
School Certificate examination is, as a rule, consistent with the mental 

J. of Psych. xxrv. 3 20 
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ratios determined four or five years earlier. Not all candidates with high 
mental ratios succeed and not all candidates with average intelligence 
fail. : 


I desire to acknowledge the services of the many teachers whose 
co-operation has made possible the preparation of this paper, and to 
express my thanks to Prof. Godfrey H. Thomson, Prof. C. W. Valentine 
and Mr P. B. Coles for criticisms and helpful comments. 
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: I. THE PROBLEM. 


SEVERAL experimenters have distinguished between ‘discomfort’ and 
‘disability’ glare (1), and some have suggested that the underlying physio- 
logical processes are different. The most definite statements have been 
made by W. 8. Stiles à), who says: “Reduction in ability to see is an effect 
independent of discomfort in that, although it often accompanies dis- 
comfort, this does not always occur, and,zon the other hand, the ability 
to see may be reduced without perceptible discomfort.” 

Now discomfort is obviously an experience, and if it is to be measured 
and accounted for at all, it requires psychological methods of investi- 
gation. The questions involved may be treated from at least two different 
points of view. In the first place ‘discomfort’ may be regarded as 
primarily a function of the stimulus. A glare stimulus, for example, if it 
produces any noticeable effects at all, may, up to a certain degree of 
intensity, produce discomfort, and beyond that intensity may produce 
disability. On the other hand, the distinction may be more a function of 
the task than of the stimulus. Then an objective situation may seem to. 
produce now discomfort and again disability, though so far as the glare 
itself goes the two situations may be exactly alike. We resolved first to 
investigate the latter possibility. 

20-2 
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П, THE EXPERIMENTS. 


We tried. a number of preliminary experiments and eventually arrived 
at the following method: 

The observer sat facing a black cardboard screen, 1 ft. high and 
4$ ft. long: no head movements could be made: Immediately in front of 
him was a fixation point; to the right and left two small apertures 
appeared in the screen, separated by about 90 cm. On an endless band a 
series of simple dot patterns was arranged. Аф а pre-arranged signal one 
of these patterns was exposed at one of the apertures, and as it dis- 
appeared another pattern appeared at the other aperture. The alter- 
nation of the patterns was continuous throughout a period of work. The 
observer’s task was to call out the number of dots in each pattern, and to 
do this he had to move his eyes rapidly from one aperture to the other 
throughout the experimental period. In each pattern the number of dots 
was near the limit of the span of apprehension, 80 that the number could 
be appreciated at a single glance. The speed of exposure could be con- 
trolled by the experimenter, and was such that rarely or never could the 
observer actually count the number of.dots. The task therefore demanded 
considerable concentration, could never be completely mechanised, and 
any increase in the speed of exposure greatly increased the difficulty of 
the work. Speeds used ranged from those demanding 40 to those de- 
manding 150 horizontal eye movements each minute. 

We chose definitely experiments involving eye movement because 
Dodge has demonstrated (see e.g. (8, pp. 30 ff.) that they are a particularly 
favourable case for the observance of certain fatigue phenomens. We 
thought it possible that should. the diseomfort or disability produced by 
glare be due in any marked measure to visual fatigue, our technique 
would throw this fact into prominence. We shall not, however, deal with 
this specific question in the present paper. 

Two general sets of conditions were used for the experiment: 

(1) A good standard of illumination was provided without glare. 

(2) A glaring source of light was introduced directly above the centre 
of the screen, giving an illumination of 154 ft. candles at the plane of the 
eye. (No complication was produced by the appearance of visual after 
sensations, for the observer was all the time moving his eyes rapidly 
from one aperture to the other, and in no instance was he looking directly 
into the glare source.) 

All observers worked for periods of m min., this period having been 
found to be within the.limit of reasonable efficiency under normal con- 
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ditions for the task set. Results were scored according to the number of 
patterns missed. Considerable practice was necessary in each case, in 
order to eliminate the effects of learning and of general adaptation to 
the conditions of the experiment. Very great individual differences were 
found in the speed at which observers could call out all the numbers 
correctly. Such differences remained in spite of-practice. 

Ten observers in all took part in the experiment, and their results 
all showed the same trend. Four of these were examined repeatedly, and, 
it is from their readings that the detailed results given below are taken. 


ПІ. EXPERIMENTAL RESULTS. SERIES Í. 


In the first series of experiments the speed at which each observer, 
when practiced, could call out the numbers of dots successively exposed 
with comparatively few inistakes was experimentally ascertained. Pat- 
terns were then exposed at the same speed in the presence of the glare 
light. Each observer gave several sittings, and the order in which normal 
and glare conditions were exposed was interchanged. 

Every observer described the glare light as extremely unpleasant, 
and continued to do so throughout the course of the experiment. In one 
case only, however, that of Observer 2 in Series II, was there consistent 
work decrement with glare. Observation of the subjects indicated that 
they were all making additional efforts whenever the glare was present, 
gripping the sides of the chair in which they sat, moving restlessly, 
getting breathless and flushed or pale and tense, but still no decrement in 
the amount or quality of the work which they performed was observable. 


IV. EXPERIMENTAL RESULTS. SERIES П. 


We now proceeded to make the task more difficult, keeping the other 
objective conditions constant. The speed of exposure, without and with 
glare, was increased, and the patterns of dots made somewhat smaller. 
Again each of our four principal subjects attended the experiment many 
times over, and the number of missed patterns for a given condition 
remained fairly constant from day to day. Disability now replaced, or 
accompanied, discomfort as a result of the glare. The curves shown in 
Fig. 1 represent the average work decrement shown by four subjects 
under glare conditions at ‘different speeds of exposure of the patterns. 
For the purpose of comparison the glare effect index is taken as the ratio 
of misses with glare to misses without glare. А ` 


Ап exactly similar trend of results was shown by all observers tested. 


x 
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It appears that for this type of task, and under these conditions of obser-, 
vation, there is for all subjects a speed of exposure, or alternatively a 
difficulty of work, at which the relative disability produced by glare is at 





40 - 60 80 100 120 140 160 
Fig. 1. Curve showing relation between glare decrement and difficulty of task. 


No. of errors with glare 


ce No. of errors without glare” 





Abscissae: No. of patterns presented per min. 


a maximum. With easier tasks glare produces no decrement, and with 
more difficult tasks the performance under glare is not very markedly 
different from that under normal lighting conditions. | 


V. NOTES ON THE INDIVIDUAL OASES. 


Observer I. This subject was a man highly practiced in experimental 
observation. He proved able to work satisfactorily at considerably 
higher speeds under normal conditions than any other subject examined. 
Consequently glare disability occurs in his case only at a relatively high 
speed af exposure. 

Observer IV. This subject had poor visuo-muscular control, and at 
all speeds of exposure above about 90 a minute he missed at least half 
the patterns presented. Nevertheless he, like the others, showed a zone 
of difficulty at which the glare stimulus had a maximal effect. 


M. R. HARBINSON AND F. C. BARTLETT 317 


Observers III and II. Both of these observers were very sensitive to 
the effects of glare, so that for Observer II in particular there was no 
speed of exposure under glare which did not give rise to some disability. 
Nevertheless both showed a maximum glare effect with a certain difficulty 
of task, and this effect was remarkably consistent for a period of several 
weeks. : 


VI. Discussion. 


It appears to follow from the experiments just described that “glare 
discomfort" is, at least in an important part, a function of the task 
rather than of the stimulus directly. If the task is such that it can be 
fairly readily performed under normal conditions, when glare is intro- 
duced the observer makes an extra effort and carries on successfully. 
The only easily observable effects are to be found in his introspections 
and in his overt behaviour. But when the task is such that a maximal 
amount of effort is required under normal conditions, the effect of the 
glare is to produce an actual deterioration of results. The observer may, 
however, be so concentrated on what he is doing, judging that the work 
set can be done in spite of the abnormal conditions, that he forgets or 
does not notice any discomfort and fails to report it, or even in some 
cases to display it in his behaviour. When the work is so difficult that 
even under normal conditions it fails to be done efficiently, the intro- 
duction of glare may produce further decrement, but the relative deter- 
loration will be less. At this stage, however, discomfort may once more 
appear prominently in the introspections, for the observer, tending to 
regard the work demanded as in any case impossible, ceases to be 
interested in the task. 

In discussing the probable physiological mechanism of glare dis- 
comfort, Stiles says (8), pp. 308-9): “Тһе sensation is in great part 
localized at the glare-source of the image, and the brightness, as well as 
the total light in the image may both be controlling factors in the effect. 
Shift of the glare source on the retina will change the localized discomfort 
effect only to the extent that the intrinsic properties of the retina change 
from place to place. Variation of retinal sensitivities does, of course, 
occur, but such changes are comparatively gradual.” 

Our own experiments suggest that much of what passes as discomfort 
is a central rather than a peripheral phenomenon. Localization of dis- 
comfort, in this particular instance, at the “‘glare-source of the image” 
is an observation extremely difficult to make with certainty. Naturally 
the source of the discomfort is commonly referred to the abnormal 
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stimulus, but that is localization of a totally different order. Peripheral 
factors of course play their parts. When an unusual stimulus is intro- 
duced a completely new set of afferent processes have somehow to be 
built into those which normally accompany the performance of any task 
involved. The performer is then called upon to mobilize new resources, 
and either to make extra efforts, or else to change his method of work in 
order to effect the desired integration of the novel stimuli with the old. 
If the extra effort or the change of method is successful, the actual 
results achieved suffer no deterioration, and all that is left to be observed 
is a change of behaviour, while all that is left for subjective report is an 
assertion of discomfort. The discomfort certainly arises from the new 
stimulation, but it is not itself directly a peripheral phenomenon. More- 
over, in many instances, discomfort is a function of the difficulty of a 
given operation, since, as we have shown, exactly the same objective 
conditions may give rise, at one stage to discomfort without disability, 
and at another stage to disability with or without discomfort. 

In general then discomfort is a sign of incomplete or faulty adaptation. 
We would tentatively suggest, holding the view subject to further experi- 
mentation, that if discomfort persists as a subjective experience for long 
periods of trial probably peripheral factors combine with the others 
mentioned to produce this malaise. But if, after relatively short periods 
of trial, the discomfort passes away, and adaptation becomes complete,. 
then the peripheral side of its production may be of comparatively little 
importance. Experiments conducted in this laboratory seem to indicate 
that the former may occur when the unusual stimulus is a glaring light, 
and the latter more often occurs when the unusual stimulus is a sound, 
unless the sound is of excessive intensity. While we have little belief, on 
the whole, in the reliability of attempts to measure glare discomfort, or 
any other type of discomfort, in terms of subjective estimates (see e.g. (4)), 
it is tempting to imagine that in cases where it might be demonstrated 
that peripheral processes play an important part in its production, dis- 
comfort might be partially measured in terms of the specific physiological 
mechanisms involved. But all this requires much additional and more 
detailed investigation. 


ҮП. Summary. 


Experiments are described in which observers were asked to call out 
the number of dots in patterns exposed successively at controlled speeds, 
the apertures at which exposure was made being so arranged that the 
observer had to move his eyes rapidly from one window to another 
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horizontally through an aro of 60 degrees. The observations were carried 
out both with and without glare. When a speed of exposure was arranged 
at which an observer, working under normal lighting conditions, could 
carry out this task without noticeable strain, the introduction of glare 
invariably produced subjective discomfort and in most cases extra effort. 
There was then no work decrement. When the speed of exposure was the 
maximum consistent with perfect performance under normal lighting 
conditions, the introduction of glare invariably produced marked decre- 
ment of work, and discomfort might or might not be reported. If the 
speed was still further increased further deterioration of work was 
produced, but the difference between the efficiency of work under normal 
conditions and glare conditions was less. These results are discussed. 
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I. Intrropvuction. 


Е Ba —Ñ Shean 


AUDITORY SPACE, as used here, refers to the space occupied by and 
immediately surrounding the head of the observer. This space is so 
defined because it is the space into which the observers used in the 
present investigation normally projected the phenomenal sounds. The 
dimensions indicated for this space are psychological as opposed to the 
conventional geometrical dimensions. They refer to directions as per- 
. ceived (G), p. 216 #.). Anterior-posterior refers to directional localiza- 
tion in relation to the vertical plane of the aural axis. Vertical refers to 
directional displacement from the horizontal plane of the aural axis. In 
some cases these directions are referred to as quadrant and inter-quadrant 
localizations, which means that in such cases the perceived directions are 
considered as grouped according to the quadrants as defined by the 
intersection of the horizontal and the vertical planes of the aural axis. 
There is considerable evidence in the earlier literature of sound 
localization that the perception of direction in relation to the vertical 
1 The investigation here reported was carried out in the Laboratory of General Psy- 


chology ш Harvard University durmg the year 1930-1, at which time the writer was & 
National Research Council Fellow. 
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plane may be a function of absolute intensity or wave form, or of both of 
these factors operating together!. Certain recent studies (3, 4, 5) indicate 
that localization in relation to both the vertical and the horizontal 
planes, but especially the horizontal plane, may be a function of fre- 
quency or wave form. Also there is some evidence here and there through- 
out the literature that localization in the anterior-posterior and vertical 
dimensions depends upon auditory habits or attitudes peculiar to the 
observer?. 

The purpose of the present veiga was further to define these 
factors as conditions for effective sound localization?. Additional work in 
this direction seemed justified, research in the field having become highly 
specialized in the light of specific, conflicting theories of localization. - 

According to the three leading theories of sound localization, viz. the 
intensity-theory, the phase-theory and the time-theory, sounds are 
localized consistently on the basis of binaural differences in one or 
another of the different factors(8) but they are so localized only in re- 
lation to the medial plane. In other words, auditory space, according to 
these theories, is primarily uni-dimensional, linear from right to left. 
However, it is a common observation in the laboratory and outside that 
sounds are localized also in relation to the horizontal and the vertical 
planes, t.e. as high, low, or between these directions, and as in front, in the 
rear, or between these positions. Jf sounds were localized only in relation 
to the medial plane, they would always be localized on some extension of 
the aural axis, which is the case only under certain conditions. 

In the last analysis auditory space-perception may not be entirely 
explicable on the basis of response to binaural differences in acoustic 
intensity, wave-phase, and the time of arrival of corresponding wave- 
fronts. It may be that the influence of factors of a different relative as 
well as absolute order will require consideration. 


II. Review oF RELATED STUDIES. 


Of the earlier studies bearing directly on the problem under con- 
sideration, the investigations by Seashore (9), Pierce (2), and Starch (10) are 


1 The evidence here referred to is given in summary-form by Pierce (2). 

х Тһе writer has summanzed the evidence on this aspect of localization in a previous 
study (6). For a comprehensive interpretation of the evidence referred to here see (7). 

з The probable significance of further work in the direction of determining the nature and 
the conditions of localization in the anterior- -posterior and vertical dimensions was identified 
in the course of an attempt, made by the writer, to determine the conditions most favourable 
for an experimental analysis of the relative rolls of wave-phase and acoustic intensity in 
sound localization. 3 
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outstanding. In these investigations auditory space was explored by 
shifting about the sound source, or sources in some cases, in relation to 
the observer, who was instructed to indicate the direction from which the 
sound appeared to come in each case. The conditions of experimentation 
closely approximated the normal conditions of hearing, as no attempt was 
made to isolate and control any particular aspect of the stimulus-pattern. 

In the study by Seashore, it was found that the observers constantly 
tended to misplace the sounds upward in relation to the horizontal plane 
of the aural axis, and also to misplace the sounds forward in relation to 
the vertical plane, although the latter tendency was not so strong ((9), 
p. 53). Seashore explained these tendencies as follows: “In ordinary 
experience we hear more sounds from the region of the horizontal plane 
through the ears, for the reason that this space is larger and contains 
more sources of sound than the lower region. We also hear more sounds 
from the objects that we pay attention to, i.e. face, than from objects we 
do not attend to, i.e. those behind us. Hence we normally expect more 
sounds to come from ‘up front’ than from any other directions” (p. 54). 
Thus Seashore tends to explain localization in the anterior-posterior and 
vertical dimensions on the basis of ‘expectancy’ or auditory habit. 
However, Seashore found also that his observers tended to place the 
weak sounds toward the rear and the strong sounds toward the front, 
which indicates, as Seashore pointed out (p. 54), that localization in the 
anterior-posterior dimension is influenced by the intensity of the binaural 
stimulus-pattern. 

This work by Seashore was done under conditions in which all of the 
different aspects of the stimulus-pattern were controlled relatively to the 
two ears, because the sound sources were in the medial plane, so that in 
effect he was investigating the effectiveness of absolute factors as modified 
by head shadows and the external ear. 

Pierce found, in the study referred to above(2), that his observers 
tended to localize relatively weak sounds behind and relatively strong 
sounds in front (p. 91). He found also that sounds coming from the same 
source but from a different position in relation to the head of the observer 
were qualitatively different (p. 90). These facts indicate that localization 
in the anterior-posterior and vertical dimensions may be influenced by 
absolute intensity and wave-form. Pierce found further that training in 
the discrimination of directions in the medial plane materially improved 
the ability on the part of his observers to localize sounds in this plane 
(p. 88). He concluded that the ability to localize sounds in unusual 
positions is a product of experience. But he qualified this position with 
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the statement that, “If the exigencies of life required, an ability to 
localize sounds perfectly within the medial plane [z.e. in the anterior- 
posterior and vertical dimensions] could be acquired” (p. 103). This 
implies that there must be certain aspects of the auditory stimulus to 
which learning in this direction can be attached. 

Starch in'his investigation 10) thoroughly explored auditory space in 
the anterior-posterior and vertical dimensions as well as also in the lateral, 
i.e. right-left, dimension. He found that: “In the horizontal planes, 
Jocalization is most accurate in front, nearly as accurate in the back, and - 
least accurate at the sides. In the vertical planes; excluding the medial 
plane, localization is most accurate above and below, and least accurate 
at the side. In the medial plane, localization is less accurate than in any 
other plane; it is more accurate in the anterior than in the posterior half” 
(p. 44). 

The fact that the direction from which sounds come can be dis- 
criminated with any degree of accuracy in the different planes is evidence 
that certain physical factors must be operative. Starch concluded by way 
of interpretation that localization depends chiefly upon binaural in- 
tensive ratios; but that monaural ratios (absolute intensity), pitch 
(frequency), timbre and richness (wave-form), and other factors play 
important róles. 

Recent studies bearing directly on the present problem include two 
investigations by Young@, 4), and one by Pratt(). 

In his first study (3), Young investigated the ability to localize sounds 
when the stimuli which, under normal conditions, would have arrived at 
one ear were led to the other ear by means of a reversing pseudophone. 
Under these conditions Young found that auditory localizations in the 
right-left dimensions were reversed;. that localizations in the anterior- 
posterior dimensions tended to be thrown toward the back (p. 422); and 
that localization in the vertical dimension tended to be indefinitely 
localizéd or unlocalized (p. 412). By way of interpretation, Young states 
that, “The physical theories are doubtless correct in maintaining that 
sound localization depends upon some difference between the stimulation 
of the right and left ears; but these theories do not go far enough. They 
throw no light on the physiological and psychological processes of 
localization. They fail to take into account the possibilities of visual and 
auditory-motor localizations” (p. 424f.). He concludes finally that, 
* Localization is believed to be a function of the total organism, accom- 
plished in various ways, but involving a neuro-muscular adjustment with 
respect to a source or to a total spatial situation” (p. 429). 
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Young's second study (4) is an extension of the first. The external'ears 
were detached by means of tubes and trumpets and exténded to a frame 
of reference independent of the observer, so that head movements could 
not change the conditions of the stimulus. Under these conditions Young 
found that right-left localizations could be successfully discriminated, 
but that reliable tri-dimensional localizations were impossible. Judging 
from Young's position as stated above, from his first study, he would 
probably interpret these facts in terms of “neuro-muscular adjustment”; 
but itis possible to consider that head movements operate to change the, : 
absolute intensity and the wave-form of the stimulus-pattern, thus 
forming a basis for discrimination. Or, in other words, sounds in different 
positional relationships with the head may have positional characteristics 
due to the modification ot the wave-form and absolute intensity by the 
corrugations of the external ears and by head shadows. 

Pratt's study (6) deals directly with the problem of localization in the 
vertical dimension. The observers were instructed to indicate the position 
on a vertical scale 2$ metres in height, divided into 14 equal units, of each 
of five different tones, 256 ~, 512 ~, 1024 ~, 2048 ~, and 4096 ~, presented 
in haphazard order in five different positions on the scale, under condi- 
tions such that the observers could not identify the actual position of the 
source. The observers were made aware of the fact that the sound source 
was being shifted up and down, so that they might not tend to judge 
position on the basis of pitch. In the test series, the tonal series was 
presented ten times to six different observers. The observers uniformly 
judged the higher tones to be higher on the scale than the lower tones. In 
fact, on the basis of averages, every observer placed the tones in order, 
from high on the vertical scale to low, according to the frequency order of 
the tones, highest frequency first, and so on down. From the data 
obtained from the test series and certain experiments made for the purpose 
of checking the original results, Pratt concluded that, “ High tones are 
phenomenalogically higher in space than low tones” (p. 283). In tHe light 
of this conclusion, the inability to localize sounds in the vertical dimension 
under normal conditions is not difficult of explanation, because in a 
normal environment sounds are distributed in haphazard order as to 
pitch and space. ` | 

However, it is possible to interpret Pratt’s results, as Pratt himself 
suggests but does not believe (p. 283 f.), in the light of habits and ability 
in pitch discrimination, in which case localization would be & matter of 
discrimination in a pitch continuum rather than discrimination in a 
spatial continuum. 


' OTIS C. TRIMBLE 325 


It is possible to interpret Pratt’s data in still another manner. It 
might have been that the tones Pratt used as stimuli differed in richness 
of partials, or rather in the prominence of partials from the lowest tone 
which was the most complex to the highest tone which was least complex. 
If so, localization in the vertical dimension according to the pitch con- 
tinuum could be explained on the basis of wave-form or phase in some 
other than the sine dimension. The fact that sounds from the same 
source but in different positions in relation to the head appear to be 
different in quality and intensity lends support to this interpretation; 
and so does the fact that the ability to localize sounds in the medial plane 
can be improved by training when only auditory cues are consistently 
present, because learning could not take place if there were no aspects of 
the stimulus-pattern to which the learning could be attached. 

As for the evidence that localization in the anterior-posterior and 
vertical dimensions depends upon auditory habits or attitudes peculiar 
to the observer, nearly all of the more recent investigations dealing with 
localization in the right-left dimension refer to the fact that under the 
conditions of experimentation localization in dimensions other than the 
right-left is indefinite and uncertain; and investigators generally suggest 
that effective localization in such dimensions perhaps depends upon 
knowledge of the environment, auditory habits, or momentary attitudes’. 
But the experimental conditions in these investigations may have been 
such as to break down the normal frame of reference and emphasize only 
the right-left aspects. 


ПІ. EXPERIMENTAL METHOD. 


The problem under consideration was approached in a series of four 
different experiments dealing with different specifio aspects of the 
problem. The first experiment dealt with localization as influenced by, 
auditory habits, while the second experiment was concerned with the in- 
fluence of absolute frequency and absolute intensity om quadrant and 
inter-quadrant localization. These two experiments were performed under 
the usual conditions of bi-lateral stimulation, in which short tonal im- 
pulses were presented in haphazard order. The third experiment attacked 
the problem of localization in the vertical dimension as a function of 
frequency, wave-form, or phase in some dimension other than the sine 
dimension. The fourth and last experiment dealt with the problem of 
localization in the anterior-posterior dimension as a function of absolute 

1 Seo р. 321, n. 2. | | 
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intensity. In the last two experiments, the conditions of observation were 
modified in that the total stimulus-pattern was varied continuously over 
& relatively wide pitch-range in one case and a relatively wide intensity- 
range in the other. 

The set-up for these experiments consisted of an audio-oscillator! for 
the generation of the tones, together with accessory apparatus which 
made it possible to present the tones by the open-air method, to the ob- 
servers (individually) in & quiet room. The receiving phones were held 
at a constant distance (15 cm. respectively) from the ears of the ob- 
servers throughout the series of experiments. 

The observers? were graduate students and members of the staff in the 
Department of Philosophy and Psychology in Harvard University. These 
observers did not consider themselves a8 trained observers, although they 
were all more or less familiar with the facts and theories of sound localiza- 
tion. In the early stages of each experiment the observers were agked to 
report orally on their perceptual experiences. Later, more specific in- 
structions were given, depending on the nature of the experiment. 


IV. EXPERIMENT 1: LOOALIZATION OF TONES IN THE 
QUADRANT AND INTER-QUADRANT POSITIONS. 


If localization in the anterior-posterior and vertical dimensions 
depends on auditory habits peculiar to the observer, it should turn out 
that each observer favours a certain particular quadrant or inter-quadrant 
position in his localizations. The purpose of this experiment was to test 
this possibility. Tones of various frequencies ranging from 500~ to 
3950 — and of various intensities ranging from very weak to very strong 
were presented in haphazard order. The observers were instructed to 
indicate the localization in each case as ‘down front,’ ‘front,’ ‘up front,’ 
‘up,’ ‘up back,’ ‘back,’ or ‘down back.’ Approximately 250 localizations 
by each of the five observers were obtained under these conditions. . 

Table I presenta the data in terms of the percentages of the localiza- 
tions falling in each quadrant or inter-quadrant position for each observer. 
It is obvious from these data that the observers individually tend to 
favour a particular quadrant or inter-quadrant position. This seems to 
justify the conclusion that localization in relation to the horizontal and 


1 The audio-oscillator used in the present study was developed and used by Pattie. For 
a description see (11). 

* Mr J. Volkmann, Mr H. Cantrill, Dr C. Goldthwait, Mr w. A. Hunt, and Mr W. A. 
Bousfield served as observers in this study. 
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Table I. Quadrant and inter-quadrant localization of tones. 


Positions 
Obs. D.F. F U.F. v. U.B B. D.B. 
B 1* 7 92 — — — — 
e — — 1 — 71 8 25 
G — — 1 4 95 — — 
H — — — — 41 45 14 
Y — — 1 16 67 6 10 


D.¥.=down front; ¥.=front; U.F.—up front; U.—up; U.B.—up back; 
в. =baok; p.5.—down back. 
* The values in this table are percentages, based on approximately 260 locahzations for 
each obaerver. 


the vertical planes depends upon auditory habits; and such may be the 
case in everyday life where the tendency is to depend on vision and a 
knowledge of the environment and sound sources. But it will be observed 
also in Table I, that the observers individually tend to vary their locali- 
zations over a considerable range of quadrant and inter-quadrant 
positions. This fact suggests that localization in the anterior-posterior 
and vertical dimensions, even though determined very largely by auditory 
habits, may be influenced by other factors such as absolute intensity, 
frequency, wave-form, or momentary attitudes. 


V. ExPzrRIMENT II: THE INFLUENCE ОР FREQUENOY ON 
LOOALIZATION IN THE VERTICAL DIMENSION. 


The purpose of this experiment was to determine whether variations 
in frequency explain in part at least the variability in quadrant and inter- 
quadrant localizations. Nine different tones, 500, 600, 7 00, 850, 1200, 
1750, 1900, 2250, and 3950 cycles, were presented to the observers under 
the conditions of the previous experiment, except that attempt was made 
in this experiment to control the absolute intensity of the tones so that 
they would be equal. This attempt, however, was not entirely successful, 
because even when the energy output of the oscillator was equated for 
the different tones, the higher tones still appeared to be more effeotive 
than the lower tones. Absolute intensity was still operative but pre- 
sumably not in the usual manner. 

The observers were instructed to indicate the angular displacement 
and also the-direction of the tones from the horizontal plane. 

The data &re summarized in Table II. It is clear from these data that 
there is в strong tendency for the higher sounds to be localized higher in 
space than the lower sounds. This tendency is especially strong for all of 

J. of Psyoh. xx1v. 8 21 
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Table II. The vertical localization of tones of different frequency. 
* Frequencies (d.v.) 


Obs. 3950 2250 1900 1750 1200 850 700 600 500 

45 +14* 404138 40-19 5041] 42+10 2749 31422 46420 42 +24 
65410 54-15 50-5 52+8 60+10 31412 25+10 18+13 9 +12 
79410 74410 7347 71412 70-10 60+19 656418 51-8 47 +13 
624+8 34421 27415 38424 36418 13419 18+12 6426 -17+14 
86:8 8249 80+11 8447 73416 68412 60+19 50423 21418 


* These values are averages with average deviations of ten estimates of the angular 
displacement of the tones from the horizontal plane of the aural axis. The positive values 
represent displacements above, and the negative values below, the horizontal plane. 


<q Q Q t; 


the observers except B. The differences in angular displacement between 
the lowest and the highest tones is 56 for observer C, 32 for observer G, 
79 for observer H, and 65 for observer V, with the intermediate tones 
localized between the extremes in each case, and almost uniformly high 
to low in space according to the pitch series. B's observations for the 
different frequencies are variable but the variations are inconsistent. The 
localizations by all of the observers tended to fall into the quadrant and 
inter-quadrant positions indicated for each observer in Table I. 

Evidently frequency or some correlative aspect of frequency, perhaps 
wave-form, operates to influence localization in the vertical dimension. 
Absolute intensity may have been sufficiently effective to determine the 
variability in the anterior-posterior dimensions. However, there remains 
the possibility that the variability of the localizations may have been in- 
fluenced by momentary attitudes. 

The results may be taken as supporting Pratt’s position that high 
tones are phenomenalogically higher in space than low tones. But the 
present writer inclines to the position that localization in the vertical 
dimension may be a function of wave-form or phase in some other than 
the sine dimension; because it was easily observable that the lower tones 
used as stimuli in the present investigation were more complex than the 
higher tones. f 


VI. EXPERIMENT III: LOOALIZATION IN THE VERTIOAL DIMENSION. 


The purpose of this experiment was to determine further the rôle of 
frequency (or wave-form, assuming that the difference in the complexity 
of the tones may be the effective factor) in localization in the vertical 
dimension. In this experiment the frequency of the total binaural 
stimulus-pattern was varied over а series of frequencies, and in such а 
manner that each frequency followed the next above in the frequency 
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continuum (ar the next below, depending on the direction in which the 
Series was varied) in rapid succession. The series included the following 
frequencies: 1200, 1250, 1300, 1400, 1500, 1600, 1750, 1900, 2150, 2900, 
and 3950 cycles. This series was presented in both ascending and de- 
scending order and under conditions of different binaural intensive ratios, 
according to chance, so that the observer could not know in which 
direction the series was to be presented nor what particular position in 
relation to the' medial plane would be the starting-point. The binaural 
intensive ratios were such that at one time the apparent source would be 
at the extreme lateral position, at another time in the medial plane 
region, and again midway between these positions. 

The observers were directed to record the angular displacement of the 
apparent source from the horizontal plane both at the beginning and at 
the end of the series. They were instructed also to draw on a chart before 
them the course made by the phantom sound. 

Table III summarizes the data as to localization in the vertical 
dimension under the conditions of the experiment. Again it is obvious 


Table HI. Localization in the vertical dimension as determined by a series 
of frequencies each presented in rapid succession, under conditions of 
different binaural intensive ratios. 








Binaural intensive ratios* 
————— = 
1:59 1:3 1:1 
Obs 1200—3950 Ranget 1200+3950 Range 1200—3950 Range 
B 141531 17 33—47 14 22—49 27 
o 18 —80 69 15—79 64 16—79 63 
G 24 —47 23 47481 14 60—65 5 
H —21 —61 82 —13—50 63 -14—74 88 
y 18 —61 48 51—80 29 85—88 8 


* Intensive ratios are given in terms of the resistances in the electric circuits. 

t The frequency series consisted of: 1200—1250—1300—>1400—1500—1600—1750—> 
1900—2150—2900—>3950 ~. 

Í The values in this table are averages of ten estimates of the angular displacement ofthe 
fused sound from the horizontal plane of the aural axis, at the beginning and at the end of 
the series. Positive values represent displacements above the horizontal plane; negative 
values below. The range values of course represent the difference between the displacements 
at the beginning and at the end of the series. The arrows represent direction of change. 


that high tones tend to be localized higher in space than lower tones. The 
range of variation is different for the different observers, and also for each 
observer under the different intensive ratios. But uniformly the observers 
indicate a corresponding change in the localization of the phantom source 
as the frequency of the stimulus-pattern is changed. 

21-2 
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Under the conditions of this experiment, the observers uniformly 
reported apparent movement of the phantom source, or the appearance 
of successive apparent sources, in an are originating in a position lower in 
space for the lowest tone and ending in a position higher in space for the 
highest tone. The 'arc-effect! as described by the observers corresponds 
very much in general characteristics to the ‘phase-,’ ‘time-,’ or ‘in- 
tensity-effect’ in right-left localization. i 

In the beginning stages of the experiment the observers were not 
always able to identify the general direction of the change in the localiza- 
tion of the apparent source. One observer, H, reported that as the series 
was presented in either direction the whole spatial frame of reference 
seemed to shift. Another observer, G, reported that when he attended 
strictly to the sound it appeared to spread without taking any definite 
localization, but that when he attended to the localization, movement, 
i.e. the arc-effect, was apparent. All of the observers reported that at 
times the “middle of the course” was blurred, because the phantom 
appeared to make its course so rapidly. 

The results seem to justify the conclusion that absolute frequency, 
or some physical correlate of it, operates under conditions of continuous 
or serial change to condition localization in the vertical dimension very 
much as continuous or serial variations in phase, intensity, or time con- 
dition corresponding ‘effects’ in the right-left dimension. 


VII. Experiment IV: LOCALIZATION IN THE 
ANTERIOR-POSTERIOR DIMENSION. 


The purpose of this experiment was to determine the réle of absolute 
intensity in localization in the anterior-posterior dimension. The con- 
ditions of observation were the same as the conditions of the previous 
experiment, except for the fact that the absolute intensity of the stimulus- 
pattern was used as the variable factor, while the vertical plane of the 
aural axis was used as the plane of reference. Also only one tone (1200 ~) 
was used as stimulus in this case. 

The results are summarized in Table IV. One of the observers, G, is 
not represented in this table, because in the test series he reported that 
the localizations were vague or that he could not identify any change in 
the spatial characteristics of the tones during the presentations, beyond 
the fact that the tones appeared to vary in volume and sometimes in 
distance. However, in the preliminary observations this observer did 
report ‘movement.’ The other observers reported fairly consistently that 
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Table IV. Localization in the anterior-posterior dimension as conditioned 
by continuous variation in the absolute intensity of the total stimulus- 
pattern, under conditions of different binaural intensive ratios. 


Binaural intensive ratio* 


1:59 1:3 1:1 
OO -F[AK—“O—A——-——  4q—— Ia. .Q 
Obs. W—$Sf Range WS Range WS Range 
B 18 z.1—67 F. 49 90 v.64 к. 26 90 ¥.<—>90 F. 0 
e 055. — 85. 57 70 B.—>34 в. 36 90 p.<—— 90 в. 0 
H; 50 B. > 0 50 0—— 0 90 p.<—— 90 в. 0 
Vv 62 B. > 4B. 58 58 B.—>37 B. 16 0 u.— 0T. 0 


* Legend same as in Table III. 
" T Theintensity was changed during each observation, from very weak to very strong, or 
the reverse. А 
t Read the table as: 18 degrees in front of the vertical plane of the aural axis to 67 
degrees in front, covering a range of 49 degrees (first values for observer B), eto. The values 
are averages of a eee ten estimates of the angular displacement of the apparent 
sound-source in the front-back dimension, from the vertical plane of the aural axis. 


the phantom.source seemed to move in an arc from a position toward the 
front to 8 position toward the back when the intensity of the pattern was 
varied from very strong to very weak, and in the reverse direction when 
the intensity variation was from very weak to very strong. The phantom- 
sound was very often described as “coming down, moving toward the 
back, and approaching the medial plane” all at the same time, when the 
intensity was varied from very strong to very weak. The reverse of this 
was the case when the intensity was varied from very weak to very 
strong. However, the observers were not always able to identify the 
direction of the ‘movement’ (the aspect of distance seemed to interfere), 
and sometimes they would report only changes in volume. 

From the data presented in Table IV, it is clear that when the phantom 
source was originally localized at the extreme lateral position (under the 
condition of a binaural intensive ratio of 1:59), the ‘arc-effect’ was 
greater in extent than at the intermediate position, and that the ‘arc- 
effect’ had played out entirely when the apparent.sourée was localized 
originally in the medial plane. Under the conditions of a 1: 1 binaural 
intensive ratio the phantom source shifted only as to distance, the 
apparent source being projected farther and farther from the original 
position when the intensity was varied from very strong to very weak. 

The fact that the observers were somewhat variable in their reports 
on the ‘aro-effect’ indicates either that the experience was extremely 
complex, or else that localization under the conditions of the experiment 
is influenced to a considerable extent by the attitudes of the observer. 
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However, the results seem to indicate that localization in the anterior- 
posterior dimension may, to the degree that it depends on auditory 
cues, be a function of the absolute intensity of the stimulus-pattern. 


VIII. SUMMARY AND INTERPRETATION OF RESULTS. 


The results of the present study may be summarized briefly and in- 
terpreted as follows: 

1. Observers tend individually to localize sounds (tones) in a 
particular quadrant or inter-quadrant position; but the localizations for 
8 given observer cover a considerable range of quadrant and inter- 
quadrant positions. 

These facts indicate that habits of space-perception or ‘expectancy’ 
are important conditions in sound localization—conditions which may 
operate to overcome the ‘effecta’ of primary auditory data for localiza- 
tion m quadrant positions other than the particular position favoured by 
the observer, assuming, of course, that such primary data are given: The 
fact that the localizations vary over such a range of positions in any case 
may indicate that differences in frequency and absolute intensity of the 
stimulus-pattern, and momentary attitudes of the observers, play signi- 
ficant réles in the localization of sounds. 

2. High tones are localized higher in the range of the quadrant and 

ter-quadrant positions than low tones; loud tones appear to be localized 
toward the ‘front’ positions, and weak tones toward the ‘back’ positions. 

These facta tend to the conclusion that absolute frequency and 
absolute intensity are important conditions for localization in the an- 
terior-posterior and vertical dimensions—conditions that might be 
adequate for localization but for the stronger influence of auditory habits, 
and perhaps momentary attitudes. 

3. Under conditions of continuous or serial change in the frequency of 
the binaural stimulus-pattern, the apparent source describes an arc about 
the head, from à point lower in space for the lower tones to a point higher 
in space for the higher tones, when the change in frequency is from low to 
high. The phenomenon is reversed when the frequency change is reversed 
in direction. 

This phenomenon is of the order of the phase-, time-, and intensity- 
‘effects’ in right-left localization; and may prove to be of primary im- 
portance in the study of localization in the vertical dimension. 

Whether this phenomenon is conditioned by frequency variation or 
by wave-form is in question. If it is conditioned by frequency alone, then 
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auditory localization in the vertical dimension cannot be ‘effective’ for 
orientation, since high-pitched sounds would be localized high in space, 
and low-pitched ‘sounds low in space, whether the respective sources were 
high or low, or not. On the other hand, if the phenomenon is conditioned 
by wave-form, it could be accounted for on the basis of differences of 
wave-form which are determined by the position of the sound source in 
relation to the head. The writer inclines to the latter interpretation, but 
the precise wave-form differences which are effective in this way need 
further investigation. 

4: Under conditions of continuous variation in the absolute intensity 
of the total stimulus-pattern the phantom source tends to move in an aro 
from a position to one side of the head and forward, to a position near the 
medial plane and ‘back,’ when the intensity is varied from very strong to 
very weak. The reverse is the case when the intensity change is reversed. 
This ‘absolute intensity effect’ is not very pronounced. Perhaps it would 
be more to the point to say that this ‘effect’ was not reported by all of the 
observers used in the present investigation, and that the observers who 
did report it, did not always report it. However, this inconsistency of 
report may have been due to the fact that the tonal experience was too 
complex for attentional analysis. That the experience was very complex is ` 
indicated by the fact that the observers often reported changes in 
quality, volume, and distance accompanying the changes in intensity. 

In any case it seems that ‘absolute’ intensity may be an important 
condition for localization in the anterior-posterior dimension, the con- 
dition of ‘absolute’ intensity being modified or determined for the 
different positions relative to the head and the vertical plane, by head 
shadows and the pinnae. 

5. In general the results indicate that any adequate theory of sound- 
localization will have to explain localization in the anterior-posterior and 
vertical dimensions together with localization in the right-left dimension. 

It may be that auditory localization, t.e. localization depending on 
auditory cues, can be explained on the basis of ‘effects’ Corresponding to 
the different relative and absolute aspects of the tota] binaural stimulus- 
pattern. In this case perhaps some particular characteristic of the wave- 
form accounts for localization in the vertical dimension, absolute in- 
tensity for localization in the anterior-posterior dimension, and the 
relative factors, i.e. binaural difference factors, for localization in the 
lateral or right-left dimension. 
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A NOTE ON CORRELATIONS 


By W. STEPHENSON. 
(From the Psychological Laboratory, University College, London.) 


I. Introduction (рр. 336—6). 
П. Application to correlations for factor studies (pp. 336-7). 
ПІ. Derivation of the rank method р (pp. 337-8). ` 
References (p. 338). 


I. INTRODUOTION. 


Ir is perhaps not sufficiently appreciated that the product-moment 
correlation coefficient can be calculated from crude scores, using ‘dif- 
ferences’ instead of the more cumbersome ‘products.’ Kelley) draws 
attention to this ‘difference’ method of working correlations, but its 
special use in work that requires the calculation of large numbers of 
correlations for the purpose of critical factor studies may excuse its 
present reiteration. 

The expression for 7, calculated from crude scores with zero as 
arbitrary mean for each variate, is as follows: 


_ ZXY—nM,M, 

ViXI— nM? УУУ? nM? 
(where M, and M, are the true means of the X and Y variates). 

Now by expanding > (X — Y}, we have 

XXY =} (2X#4+2Y2—X (X — Y). 

Thus, (1) may be written: 

ХХ руз У(Х — Y)*— 2n M, M, (2) 
2/XX3!—-nMj3jwVXY:-nM$8 7 ` 

This is the 'difference' expression for +, its advantage, under certain 
circumstances, lying in the use of (X — Y) instead of XY. 

When a large number of variables have to be interoorrelated, es- 
pecially if some form of adding instrument is available, the “difference? 


expression is particularly economical of working time if the following 
calculational procedure is used: 


T 





336 A Note on, Correlatzons 


(a) The frequeney distributions of the erude scores Íor each varisble 
are drawn up. 

(b) Now consider any one variable, such as, say, the crude scores 
obtained by a given population in a certain mental test. The frequency 
distribution for this variable, if it allows of a little ‘smoothing,’ usually 
suggests that a more convenient scale may be used in the place of the 
erude one. The new scale might conveniently be one of 20 points, or 15 
pointe, ranging from 0 to 19, or 0 to 14 respectively. 

(c) Let all the variates be converted to such ‘scaled’ scores. The 
values 2.X?, and the means 22X/n, for the ‘scaled’ scores are readily 
obtained from their frequency distributions. 

(d) The values X (X — Үү, for each pair of variables, are kob from the 
individual ‘scaled’ scores in order. These differences are themselves all 
integers, usually ranging from 0 to 10 or so for ss between 
mental tests. 

(e) I£a new arithmetical table is learnt, in which it is remembered that 
37+ 13— 10, 37+4#=25, 67+8?=100, etc., the summed value > (X — Y)? 
is worked with some ease. 


The above procedure is simply a scale conversion, whereby the crude 
scores for each variable are rescaled to fit a scale which is amenable to 
rapid working and easy checking, for the ‘difference’ form of the product- 
moment coefficient. The crude scores should always allow of this re- 
scaling with a little smoothing, alike in the interests of reliability and of 
comprehensiveness of the variables. 


II. APPLICATION TO CORRELATIONS FOR FACTOR STUDIES. 


If the frequency distributions are identical for all the variables, so 
that УХ? and M are the same for all the correlations, expression (2) 
reduces to (8) below: 

x(X — Y)? (3) 
IEX M з А 


Or, shortly, where ‘$’ is a constant for all the'correlations for the given 
population and identical distributions, 





.` r=1— 


a 0000000000 === (4). 


The expression (4) is suggested for use when there are very many 
intercorrelated variables, for large populations. The rescaling necessary 
for use of (4) could follow the lines suggested in the previous section, 
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except that the same new scale would be used throughout, with identical 
frequency distributions, for all the variables. Throughout, the crude 
scores should allow of coarse grading to accommodate the new scale. 
This procedure was followed in papers by the present author@) and 
by Dr Wm. Brown and the present author (8). The time expended on the 
initial rescaling is more than offset by the saving in time in using ex- 
pression (4): the larger the number bf variables, of course, the greater is 
the saving and convenience. 

But apart from the economy effected in the calculations, the use of 
(4) has other considerations in ita favour. It is essential for factor studies 
that the correlation surfaces of the pairs of variables should be com- 
parable. This is the case when each is homoscedastic, homoclitic, with 
rectilinear regression lines. Thus all factor studies for large populations 
should begin, in our opinion, with a report of data establishing the com- 
parability of the correlations (and incidentally of the p.E.s) from the 
point of view of their correlation surfaces. It was found (2) that the above | 
rescaling procedure ensured more exact comparability of correlation 
surfaces, and that it was a necessary condition for'accurate tests of the 
two-factor theory. The rescaling ‘smoothes’ the crude data, but studies of 
reliability show that, with the wide range of intervals suggested at: (b) 
above, the smoothing only removes specificality (2). à 


ПІ. DERIVATION OF THE RANK METHOD р. 


Spearman(4, in his early paper on the method of rank correlations, 
stated the identity of the product-moment expression and that for rank 
method (which, of course, is not to be confused with the very different 
Spearman ‘footrule’ R). A simple derivation of p follows from (3) above, 
which, useful for lecture and demonstration purposes, also stresses the 
identity. Their non-comparability, nevertheless, is seen from the fact that 
Pearson’s correction has to be applied to p to reduce it to r. 

The derivation of p is as follows: 

The ranks from 1 to n may be regarded as scores on an n-point scale, 
frequency 1 in each interval. Now apply expression (3) to any two ranked 
variates. 

ZX*s and M’s are the same, respectively, for both variates. 

DAP = 18+ 2? 432+... +n? 
= {п (n+1) (2n 4-1). 
M, the mean of the first n integers, is $ (n+1). 

That is, (ZX*? nM?) = 4n (n*— 1). 
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Substituting in (4) then gives: 


which is the Spearman formula for rank method correlation. 
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PUBLICATIONS RECENTLY RECEIVED. 


Social Development in Young Children. By Susan Isaacs. London: George 
Routledge and Sons, Ltd. 1933. Рр. vii + 480. 15s. net. ‘ 


It is over three years since Intellectual Growth in Young Children was lished, as 
the first volume of a trilogy on the behaviour of little children, of which the book now 
under review forms the second 

In Vol. її we are shown the same children from a different point of view; in Vol. 1 
their intellectual development between the ages of 2 and 10 years was traced and 
discussed. Here the writer’s Eee іи а. Air Sotal (noL ding. the sens 
period. The study has a decided Freudian bias, but is intended for a scientific public 
and is not meant to be a popular exposition. Its objeot is to open up enquiry in the 
vast field of problems with which it is oocupied, and it does not pretend to say the last 
word on any of the questions involved. One of the most astonishing things in the 
book, ben m is its author's apology (p. 399) for her ‘partial and entary’ 
treatment of this immense subject; for despite ita apparent bulk, it is the quality of 
balanced conciseness which will make the work such a welcome addition to any 
psychological library. 

Like its predecessor, this book is based upon observations of the “spontaneous 
behaviour of children in the real situations of their daily social life.” Its main aim is 
“direct qualitative study of the individual children’s feelings and doings among their 
fellows,” though, as is pointed out, many of the problems it raises, e.g. that of normality, 
are linked up with quantitative issues. It consists of two parts. The first and by far the 
larger part (pp. 1-400) is concerned with the psychological data. A brief introduction 
(chapter 1) outlinea the intention, plan and subject matter of the book, discusses the 
relative values of qualitative and quantitative records, and explains the writer's 
personal attitude to the problems she is about to examine. The original material in 
ohapter rr (pp. 30-204) covers the space of three years of group life. Chapter ш 
(pp. 205—400) contains an analysis and discussion of the data supplied in the records. 
‘These two chapters provide the kernel of the book and should be read and considered 
in conjunction; they are complementary to one another and both conform to the same 
logical scheme. 

P The material and the discussion are arranged under two broad heads: (i) Overt 
social relations; love and hate in action; (ii) The deeper sauroes of love and hate. The 
first part of the records is filled with the material which provides data for the elucida- 
tion, in the third chapter, of the processes by whioh the child gradually develops out of 
his primary trio attitude, passes through a phase of hostility and aggression, 
and then reaches the stage where some а of friendliness and co-operation are 
possible for him. The questions of individual and group hostility considered, and 
an able depiction and interpretation are given of the significance, for the total process 
of social development, of motives such as possession, power and rivalry, or feelings of 
inferiority and superiority or general anxiety. ; 

Order and meaning are brought into what might on the surface appear to be a mero 
jumble of data by an a to psycho-analytic principles, deduced from studies 
according to a modified Freudian technique, of the unconscions mental life of both 
children and adults. Care is taken to point out, however, that any single piece of 
behaviour is always double-sided, with its conscious significance as wol as ita un- 
conscious m and that the emphasis on one rather than another is 
in accordance with its relevance for the purpose at issue. As in her earlier book, the 
writer is very insistent about the iential or functional nature of growth as 
opposed to the structural view adh to by Piaget. From the evidence presented it 
seems fairly conclusive that social, like intellectual development, is essentially а 
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continuous process, in which the final product contains no elementa which are new—1.e. 
none which were not potentially irent in the primary matrix out of which all the 
others developed. by experience of one sort or another. The significance of the original 
family group as а determinant of the design of the child's emotional ОШ is 
exem asd by the evidence and re-emphasized by the commentator. 

Amid this whirlof facte and their interpretation, some of the wider applications to 
diffioulties of adult social life are not lost sight of. Thus a discussion of the mechanism 
of projeotion, shown to have been at work in the behaviour of the Malting House School 
ый, is used to illumine the problem of the moral aggressiveness of human society 
as a whole—“ an unending tale ОГ ратив, maiming, killing, torturing, imprisonment... 
(and) cruel revenge." 

In the sections headed Friendliness and Co-operation the writer reviews at some 
length the potency of environmental differences, and stresses the importance of the 
adult as a super-ego, or check upon the child’s own disruptive tendencies. Ho is shown 
as an ‘easer’ of the child’s inner tension because he is an aid to his being good. It 
cannot perhaps be too often pointed out, especially in these days of ‘experimental’ 
education, that a clear understanding of the sense of security and happiness which 
children gain from the wise leade ip and control of a sympathetic adult, is of 
fundamental educational importance; for a little child is incapable of setting his own 
right limits and the absence of the correct degree of this limiting factor becomes the 
breeding ground of all kinds of serious anxietiesand fears. There is an attractiveaccount 
of the change in attitude, evident at this co-operative stage, in the children’s behaviour 
towards younger children and new-comers. itutive action, the making of remorse- 
ful amends for hurts or hostility, becomes increasingly possible as knowledge grows and 
skill increases, and with the weakening of the grip of inner phantasies. 

The presentation of the observable social relations among the children is followed 
by a atudy of the deeper underlying origins of their behaviour. To this section belong 
problems like those of sexuality in all its forms and phases from the oral to the 
genital, and the feelings of guilt and shame. To those who doubt the educational 
relevance of such material, it is retorted that the sexual interests of the children, from 
the point of view of general social control, should be, and at the Malting House School 
were, subjected to the same educational processes as their more open social relations 
and their emotional development in the wider sense. The child’s notions of punishment 
and wrongdoing and his feelings of shame and guilt, or more strictly, the primitive 
forerunners of such feelings, those ‘greater terrors’ which are so real but which have 
so little relation to reality, are not, it is maintained, a product of educational ex- 
perience ar of environment as such, but are, on the contrary, в spontaneous development 
in the child’s mind. They are “inherent in the fundamental interactions between 
human mental structure and inevitable early experience” (p. 371). The question is 
in fact another aspect of the growth of the super-ego. 

The main section of Part п of the book (pp. 403-456) consista of a fairly exhaustive 
and extremely fertile explanation of the significance for everyday educational issues of 
the preceding genetic psychology of individual children. Two es of the subject are 
presented. There is first a brief contrasting of the two processes of education and. analysis, 
and an emphatic warning of the dangers which result from any confusion of the two 
spheres and funotiorfs. Then thereis an exposition of the precise bearing upon educational 
aims and practice of the facts laid bare by the psycho-analytio technique. No entirely 
new principle emerges from this revelation, but, as might have been expected, an under- 
standing of the facts of social and sexual development does lead to a revaluation of the 
different aspects of mental life as a whole, in favour of feeling and activity as opposed 
to mechanical learning or narrow intellectualism. It also points implicitly, though 
quite definitely, to the need for considerable correction and modification of some of the 
more extreme of recent theories (and practices) of educational ‘freedom.’ 

Moral defect or delinquency is indicated by the findings of some of the child 
analysis as being the result not of & lack of inhibiting forces, but, paradoxically, of a 
surfeit of conscience of в too severe and primitive type. It is an attempt to “ease the 
internal pressure of в sadistio super-ego” by proving to one’s self that it is safe to be 
bad. 


Publications Recently Received 341 


Play is revealed as the means by which the ohild comes most easily to discover the 
world and which best brings him psychio equilibrium; the importance of giving 
educational opportunity for sublimation, by means of handicrafts and free creative 
activities like mod , painting or acting, is made evident, while once the 
immense value to the с of the companionship of his fellows is pe a 

The frank er жыруы of sexual information when the need arises is shown to be 
both emotionally and culturally sound, because it helps to build up & joint basis of 
mutual respect and friendliness between adult and child and throws open to the restless 
interest of the latter the whole living world of biol In some of the more specific 
problems of early education, of which verbal ex hibitionism, whether sexual or 
excretory, may be cited as a particularly tiresome example, it seems clear that it is ins 
adult in charge who, in a sense, holds the key position. Either licence or 
on his part is equally out of touch with reality, the one with social, the other with 
physiological fact. In order, then, not to fail badly in his function as a, support to the 
growing child against his own guilt or incapacity, the adult must be on the aide of “a 
reasonable conformity to general publio standards.” 

The book throws light upon a number of other important difficulties which daily 
baffle the minds and fray the tempers of those who habitually work among children 
of every age. And in these enlightened days when, wisely or unwisely, parents and 
quasi-educators are so inclined to make anxious excursions into the scientific realms 
of child psychology, it would be well if the eT could be led, somehow, to understand the 
value of the sanity and balance with which evidence so explosively controversial can 
be marshalled. 


The First Two Years. A Study of Twenty-five Babies. By Mary M. Suey. 
VoL rr: Intellectual Development. Minneapolis: The University of Minnesota 
Press. 1933. Pp. xv + 513. $3.00 net. 


Vol. 1 of this important study was called Postural and Locomotor Development. 
The present volume records a mass of first-hand and reasonably controlled investi- 
gations of cognitive developments in young infante. Wherever possible specific tests 
were employed, and the o ations were carried out upon children in their own 
homes, in most of the cases. What is called the ‘follow ugh’ method was used, 
that is to say, the children were kept under careful observation throughout the whole 
of the first two years of their life. It appears that the activities of young infants develop 
in an orderly sequence “independent of the rate of development Ge of the environ- 
mental conditions under which the babies live.” Development proceeds from ‘mass 
activity’ to the level of specific acts. New reactions appear more rapidly during the 
first year than the second, but it is during the second year that the specific activities 
which have already Sp у арро ора begin to beoome well organised. Many new acquisitions 
seem to and the early steges of growth are marked by considerable 
fluctuation. booked is a contribution to psychology of real value, abd the material 
is presented in & lucid and interesting manner. 


al . 
The First Two Years. A Study of Twenty-five Babies. By Many M. ӨнївгЕҮ. 
Vol ш. Personality Mamifestations. Minneapolis: The University of 
Minnesota Press. Pp. xi + 228. $2.50. 


This volume completes Prof. e important first-hand studies of early 
development in the child. Although in bulk it is smaller than the others it is certainly 
not leas interesting and not less valuable, and it is even more ori in plan and 
achievement. Its conclusions concerning the very early and deci expression of 
personality, and the pervasiveness and persistence of personality traite, will not 

rise any observant fathers and mothers. But these matters have received very 
little notice from the peychologist proper, and Prof. Shirley’s third volume deserves 
8 wide and a warm welcome. The observations, carefully continued for long periods, 
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bear a stamp of accuracy and of sympathetic understanding. The case studies are 
admirably presented, and their subjects appeur throughout as persons and not merely 
88 imens. The Institute of Child Welfare st the University of Minnesota, and Prof. 
бы and her collaboratore, are warmly to be congratulated upon the completion of 
8 researoh well planned, well exeouted and well desoribed. 


The Evidence of our Senses. Ву A. W. P. Wouters. London: Methuen's 
Monographs on Philosophy and Psychology. 1933. Pp. vii + 85. 25. 6d. net. 


Nobody who has ever tried to write a general account of tual proceases, to 
make it in ing, to miss out nothing of importance, to write intelligibly for the 
general reader without sacrificing significance for the trained куроо ist, and to do 
the whole thing within the limite assigned to this book will underrate the difficulty of 
the task. Mr Wolters has tried and has succeeded, and the achievement is remarkable. 
An intelligent general reader will enjoy and understand the argument. The student 
app ing exact psychological study could have nothing better as an introduction to 
his work. To one reader at least who has spent not a few years largely in the specific 
study of problems of perception Mr Wolters’ volume has given not only great pleasure 
but a valuable stimulation. Here and there perhaps a few overstatements have crept 
in: “the so-called distance senses are only symbolical” ; “the observer who, taught by 
his previous errors, has acquired a healthy scepticism as to his perception, will. prob- 
ably detect at once [t.e. іп the cast of mal-perception] that something is different, 
and it is then a simple matter to detect what the difference is.” These are debatable 
statements hardly to be affirmed with such emphasis. But taking it all through this is 
one of the best monographs of its that has appeared in English for a very long 
time. It is now greatly to be hoped that Mr Wolters will proceed to explore other 
fields of investigation of mental processes. The style, the organization and the matter 
of this book are enough to show that he has a rather rare gift of exposition combined 


with & capacity for original thinking. 


Studies in E sive Movement. By G. W. ALLPORT and P. E. Vernon. New 
York: The Macmillan Co. 1933. Pp. 269. 158. net. 


So t & mass of writing is now being poured out upon tasks of diverse kinds that 
it would be & very matter for this book to escape serious notice. That would be 
& great pity, for it is a book which stands out from among many aa worthy of the most 
careful attention. The authors are concerned with that method of studying personality 
which depends mainly upon an investigation of the consistency and organization of 
certain simple genus and expressive movements. They planned and carried out an 
investigation of controlled simple gestures (using the word іп а wide sense) in a group 
of diversified subjecta. Here they present their analysis of the results, using through- 
out statistical measures with most admirable caution. The details of the conclusions 
must be studied im the book itself. As they are presented those conclusions appear 
to be both convincing and of far-reaching significance. The authors show in what 
senses and to some extent within what range consistency and constancy of expressive 
movement are to be found. They indicate the most closely related groupings of 
expressive movement. Especially interesting is their demonstration of the import- 
ance of what they call ‘areal,’ ‘centrifugal’ and ‘emphasis’ factors in movement, 
for this, as they show, indicates that “physical categories of movement are unsuitable 
models far the psychological study of expression.” 

Theories of expressive movement areconsidered both critically and ina constructive 
manner, ond there is a very attractive and sympathetic study of what may be called 
‘scientific graphology.’ 

In sum, this is a good book of & fruitful kind which clears up many problems and 
points the way to a study of many more. 
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Psychology and the Choice of a Career. By ЕЁ. M. Елвгв. London: Methuen’s Mono- 
graphs on Philosophy and Psychology. 1933. Pp. vii + 103. 2s. 6d. net. 


This book presents & balanced and judicious account of ita important topic. The 
main subjects discussed are: abilities which may influence occupational success; 
choosing the best work; preparing to enter the career chosen; and psychological tests. 
Dr Earle has some particularly timely remarks to make on preparation for 8 career, in 
which he makes it clear that the mere diagnosis of occupational abilities must be 
supplemented by a well-arranged type of traming. It is natural that in a book of this 
size and a the argument should for the most part run on a general plane. But 
sufficient illustrations are given to convince the most sceptical that psychology has an 
essential part to play in directing the choice of & career. Possibly something more 

ight have been said about that provision and regulation of occupational opportunity 
which seems to be necessary if the psychological direction of careers is to be very 
efficient in actual life. 


` 


The Inventor and His World. By H. STAFFORD Hargrgrp. Kegan Paul, 
Trench, Trubner and Co., Ltd. 1933. Pp. 269. 65. net. 

This very lively and interesting book is about equally divided between a praotical, 
a theoretical and a descriptive treatment. In chapters dealing with The Practice of 
Invention, Working out and Finanoing an Invention, and Patent Law as itis and as it 
should be, the author conveys information which a good many would-be inventors 
seem to neglect to their considerable disadvantage. "n disoussions on What is In- 
vention, The Inventor, The Direction of Inventive Effort, and Invention and the 
Transformation of Energy, many points of e considered, generally with 
considerable force and ity. Other seotions with mechanical, chemical, 
electrical, psychological and biological invention. These contain many illustrations 
of notable inventions in their respeotive fields, and make many eations concerning 
possible future inventions. The whole book is entertaining and, while it does not 
profess to provide any deep-going theory of inventiveness as a, psychological function, 
it contains a large number of suggestions which have great psychological interest. 


The Poor White Problem in South Africa. Report of the Carnegie Commission. 
Part. П. Psychological Report. By R. W. Witcooxs. Stellenbosch: Pro 
colei Drukkery. The Avenue. 1932. Pp. xxxiii + 206. 


The Report is of absorbing interest and t value to the social psychologist any- 
where in the world. For although the Poor White problem as dealt with here has many 
features peculiar to South Africa, yet almost exactly analogous problems affect the 
well-being and organization of nearly every large modern community. For the pur- 
poses of this study the Poor Whites are defined as persons of European descent who 
gained (or are still gaining) their livelihood mainly by farming. They are usually hired 
men on farms, owners of dwarf holdings, or of undivided shares of land, poor 
settlers and unskilled workers now outside of farming. Their number has grown 
rapidly of recent years and has reached alarming proportions. The whole survey 
compri Economic, Educational, Health and Sociological studies as well as this 
psychological investigation directed with great skill and industry by Prof. R. W. 
Wilcocks of the University of Stellenbosch. The psychological findings are here set 
forth with remarkable clarity and vigour and their implications discussed. It is 
impossible to summarize them even briefly without doing them an injustice. But the 
final conclusion of all is particularly striking having in view the sweeping statements 
often made about this and analogous problems. The actual investigation showed that 
the great majority of Poor Whites “are of normal intelligence,” but suffer badly from 
unfavourable environmental conditions. “The greater part of them constitute a 
human material which need not be a burden but which may, granted в sound State 

licy, become a very decided asset to the Union." South Africais not the only modern 

tate which needs very seriously to consider these words. 
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The Intelligence of Scotitsh Children. A National Survey of an Age-Group. 
University of London Press, Ltd. 1933. Pp. x + 160. 5s. net. 


On Wednesday the Ist of June, 1932, 87,498 Scottish schoolchildren of the age 
group 10$ to 114 were given & group scholarship teat arranged by Prof. Godfrey H. 
Thomson. Picture teste were included to help the pupils of lower grade, and:sub- 
sequently 1000 of the children were individually tested by the Binet Scale. This 
massive undertaking grew out of a proposal m by Prof. James Drever and was 
organized by the Scottish Council for Research in Education. This book describes the 
experiment, and presente its main conclusions. 'T'hese are: 

That the average т.д. of boys born in Scotland in 1921 is 100, and that of girls born 
in the same year is not significantly different. 

That the 1.9.’s of the boys showed a wider scatter than those of the girls. 

That the size of the groups above and below the average was greater than, from 
investigations elsewhere, appeared likely. 

That not fewer than 1$ per cent. mer d not more than 3 cent. of Soobtish children 
born in 1921 fall into a ‘mentally deficient’ class, and that this class contains çon- 
Biderably more boys than girls, these conclusions being dependent upon certain as- 
sumptions regarding ‘verbal intelligence.’ 

he book cannot be adequately summarized in brief, however. It deserves careful 
and wide study, especially with regard to its far-reaching social implications. 


Vorlesungen über die Arbeit der Grosshirnhemispharen. Von J. P. PawLow. 
Autoristerte Übersetzung aus dem Russischen. Von Dr G. VOLBORTEH. 
Kniga (England, Ltd.) Bush House, London. 1933. Pp. viii + 480. 
12s. 6d. 


In 1924, Prof. Pawlow delivered in Russia a special course of lectures which 
attempted a complete and оо study of his life-work on the functions of the 
cerebral hemispheres. These lectures are here translated into German and they form 
on the whole the most complete and concise account of the famous studies in conditioned 
reflexes that is available. The technology of the method, the general principles of 
interpretation of its resulte, and the results themselves in relation to many specific 
activities, are all set forth. The German translation is clear and very readable. No 
student working along the lines of Pawlow’s methods should be without this exposition. 


Self Consciousness and Its Treatment. By A. A. Ковлок. Cambridge, Massa- 
chusetts: Sci. Art Publishers. 1933. Pp. 122. $1.50. 


The publishers describe this as “The first scientific book on Self Consciousness.” 
Actually itis a readable and lively study of the various drawbacks that may accompany 
an exaggerated Jreooeupation with one’s own conduct and experiences. Tt contains 
many amusing illustrations and not a little advice. At ite conclusion 100 questions 
are given which €he earnest reader may endesvour to answer. 


The Psychology of Laughter. By ВАтрн Рірртматом. London: Figurehead, ` 
18 Adam Street, Adelphi. 1933. Pp. 227. 10s. 6d. net. 


To Mr Piddington laughter is a form of social adaptation. It tends to arise when- 
ever & situation occurs -which has two different, and probably opposing, values 
attached, each of the values having 8 social basis. Laughter is a sort of true conserva- 
tive way of dealing with this situation, for it means “After all, why worry? Every- 
thing is all right and nothing drastic need be done.” This position is reached through 
a study of the biological function of elementary laughter, ilis: relation of laughter and. 
play, the psychological nature of weeping, the character and form of the ludicrous, 
and the nature of social sanotions. The argument is clear and persuasive, and as 
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solemn as are most arguments about laughter. Other theories are most excellently 
summarized and oriticized, and both for this and for the author's own attempt to solve 
a difficult problem the book should get a wide reading. But what a pity that all analyses 
of the ludicrous seem bound to appear clumsy and portentous! 


The Human Personality. By Louis Bere. London: Williams and Norgate, 
Ltd. 1933. Pp. xv + 321. 8s. 6d. net. 


This is a book of the very popular type containing a large number of anecdotes and 
brief case studies and written in a dramatic style. Inevitably, perhaps, the author 
tends to make large numbers of sweeping and definite statements and to show little 
scientific caution. The general conolusion, that personality and character are an 
integration of many and diverse forces, is not one with which any psychologist will 
quarrel. The uncritical reader will doubtless find the volume very attractive, but he 
is likely also to reach the conclusion that psychological problems are much more 
simple and sharply defined than is in fact the oase., 


Introductory Sociology. Ву C. Н. Coormgy, R. C. ANGELL апа L. J. CARR. 
: London: Charles Scribner’s Sons. 1933. Pp. xii + 516. 158. net. 


As an introduction to sociology in the U.S.A., this book should be of the greatest 
use. For the English psychologist it contains less of interest. It deals firstly with the 
effects of heredity, primary grouping, external factors and culture upon human 
organization in general. Of more direct concern to the psychologist are the chapters 
on the Self, Emulation, and Conscience and ашы еш ; but these embody 
8 superficial and inadequate treatment, of social psychology. &uthors are then 
concerned to stress the importance of modern means of communication, their effect 
upon personality and upon social ip mem The structure and functioning of the 
different groups in contem: erican society is then described clearly and 
thoroughly. The authors state that they have “tried to keep description and evalua- 
tion distinct”; but the latter, like cheerfulness, seems to ‘keep creeping in,’ giving a 
certain tendentiousness to an otherwise straightforward and comprehensive treatment 
of the subject. . 


The Individual and the Community. By W. R. Liao. London: Kegan Paul, 
Trench, Trubner and Co., Ltd. 1933. Pp. xv + 314. 158. net. 

This book is essentially a historical study. It describes and compares outstanding 
theories of the relation of the individual to the community, in the West from the time 
of the Greeks to Herbert Spencer; in the East from those of Confucius to recent days. 
A bibliography is included. ; 


Crime, Law and Social Science. Ву J. Mrogagr, and M. J. ADLER. London: 
Kegan Paul, Trench, Trubner and Co., Ltd. 1933. Pp. xxix + 440. 158. 


In many ways this should be & useful book. Ita four parte deal respeotively with 
The Nature and Problems of Crime, Criminology, Criminal Justice, and Conclusions 
and Recommendations. A fairly good running and oritical account is given of many 
researches in the oausation, treatment, prevention and oontrol of crime. The authors 
think that all the work done во far is of a very rough and unserviceable trial and error 
type. They also seem to be convinced both that psychologists have got to deal with 
the problems involved and that there are no psychologists who are capable of doing во. 
Their main practical recommendation is for the immediate establishment of a purely 
research ‘Institute of Criminology.’ They put forward an extremely detailed and 
definite plan of the organization of such an institute, and of the work which it ought 
to undertake. They would like to get & staff of psychologists and sociologists who 
combine all the virtues of the logician, the mathematician, the statistician, the 


346 Publications Recently Received 


theoretical and the experimental physicist. They very justly consider that such в staff 
would be difficult to collect, O they suggest that the staff on the criminological 
side should consist of a logician, a mathematician, a statistician, a theoretical and an 
experimental physicist supplemented by “a mathematical economist and a scholar 
from the field of psychometrics” and a crimmologist versed in the literature, but not 
hitherto a research worker. It is left to i tion how such a team would work 
together. The book, however, is dogmatic stimulating. 


A Survey of Mystical Symbolism. Ву M. A. Ewer. London: 8.P.0.K. 1933. 
Pp. 234. 8з. 6d. net. 

This is an excellent brief study of the symbolism used consciously by mystical 
thinkers. It contains few interpretations, and is probably all the better for that. The 
author attempts to set forth the relationship between the main of mystical 
symbolism so that “future students of mystical literature may see the position and 
relationships of the forms of expression they observe, . . . and thereadermay perceive. . . 
the implications of that immense of general literature which is tinged with mysti- 
cal ae: ...” Mystical symbols are treated as attempts to find analogies between 
(a) sensory and spiritual experience; (b) physical and spiritual processes; (c) earthly 
and heavenly powers; and (d) earthly and spiritual relationships. Abundant illustra- 
tions are given. The book is ешш well written in a direct and lively style. А good 
geleoted bibliography is inoluded. 


History of Indian Philosophy. Vol. vu. By 8. K. BELVALKAE and R. D. 
RaNADE. Poona: Aryabushan Press Office, Shanwar Peth. 1933. Pp. 494. 
Rs. 15. 

This volume will be of interest to many psychologists because it is devoted to a 
ү of Indian Mysticism. An introduction deals with some of the general problems 
involved and makes some comparisons, not always clearly discussed, with Western 
mysticism. But the bulk of the volume is wholly expository and descriptive with, 
fortunately, very little attempt at criticism. As a source book for a psychological 
study af mystical experience the psychologist who is concerned with this difficult 
branch of investigation will find the work of great value. 


A Bibliography of Aesthetics and of the Philosophy of the Fine Arts, from 1900 to 
1932. Compiled and edited by Wurm A. Hammond. New York: 
Longmans, Green and Co., Ltd. 1933. Printed as a supplement to the 
Philosophical Review. Pp. viii + 183. 

This Bibliography contains 2191 titles and an index. The research student who is 
concerned with this branch of investigation will doubtless find the book of value, 
though the indication of what is important and what is not might well have gone 
beyond the scrappy notes provided. 


Consciousness: Brain-Ohild. By Prroy A. CawPBELL. East Cleveland, Ohio. 
1933. Pp. 109. 


The Principles of Logic: An Introductory Survey. Ву О. А. Maor. London: 
Longmans, Green and Co., Ltd. 1933. Pp. xiii + 388. 128. 6d. 


Causality: А Law of Nature or a Mazim of the Naturalist? By L. SILBERSTEIN. 
London: Macmillan and Co., Ltd. 1933. Pp. viii + 159. 4s. 6d. net. 


Idealistic Logic: A Study of tts Method and Achievement. By C. R. Моввв. 
London: Macmillan and Co., Ltd. Pp. vii + 338. 128. 6d. net. 


PROCEEDINGS OF THE 


BRITISH PSYCHOLOGICAL SOCIETY. 


October 28, 1933. 


October 25, 1933. 


October 2, 1933. 


November 6, 1933. 


October 12, 1933. 
November 9, 1933. 


GENERAL MEETINGS. 
“The Rorschach Test applied to Children.” By Miss MADELINE 
Kunz, М.А. А ; 
“ P-test Technique, and an Alternative Theory for P-factor.” 
By Wu. 8тырнынвзон, M.Sc., Ph.D. 


SECTIONAL MEETINGS. ` 


MEDICAL. 
“The Choice of Treatment.” By Dr DENNIS CARROLL. 


EpuoarTros. В | 
“Psychology in the Training College." By Miss FLORENOE 
JOHNSON. 
“Some Behaviour and Personality Difficulties in School 
Children." By Miss BggNroz MoOFrE. : ' 
INDUSTRIAL. 
“Correlation Methods m Psychology.” By Dr J. О. IRWIN. 
“On Being a Shop Assistant.” By Miss М. A. LRIPHR. 
x oie d А TE 


November 10, 1933. “ Art—a Symbolic Language.” By Mr MAXWELL ÁRMFIBLD. 
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ANNOUNCEMENT. 


We have received a notice from Professor Stern asking us to state that 
the journal now issued under the title of the Zezschrift für angewandte 
Psychologie has no connection of any kind with the journal edited from 
1908 to 1933 by Professor Stern and Professor Lipmann. 
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THE BINOCULAR PERCEPTION ОЕ FLICKER. 


Bv M. D. VERNON. 
(From the Cambridge Psychological Laboratory) 


I. Introduction (pp. 351-2). 
П. Method of experiment (pp. 352-6). 
(1) Apparatus (pp. 352-4). 
(2) Experimental procedure (pp. 854—6). 
(3) Subjects of the experiments (p. 356). 
ПІ. The critical frequency of monocular and binocular flickering fields 
(pp. 356-60). 
IV. Effect upon monooular critical frequency of figured fields (pp. 360-6). 
(1) Figure in steady field (pp. 360-3). 
(2) Figure in flickering field (pp. 363-6). 
V. Effect upon monocular and binocular oritical frequency of binocular 
dure ls (pp. 366-8). vf f 
(1) Monocúlar flicker (pp. 366-7). 
(2) Binocular flicker (pp. 367-8). 
VI. Discussion (pp. 369-72). 
VIL Summary (рр. 372-3). | 
Appendix (рр. 373-4). 
References (p. 374). 


I. INTRODUCTION. 


WHEN the retina is stimulated intermittently,.so that the visual field is 
alternately lightened and darkened, the resulting visual impression is 
one of flicker. But if the rate of alternation is increased béyond a certain 
point, the flickering sensations fuse, and’ an impression of steady bright- 
ness results; the point at which flicker disappears is called the critical 
frequency of flicker. It has been shown by Porter (15) that the greater the 
intensity of stimulation, the greater must be the rate of alternation or 
flicker to produce a fused sensation. Much work has been carried out 
recently upon flicker, notably by Ives, Frank Allen, Granit, and Lythgoe 
` and Tansley (references given subsequently). Using various wave- 
lengths, intensities and retinal areas, they found that with constant 
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wave-length, retinal area and state of dark adaptation, the critical fre- 
quency is dependent upon brightness alone, according to the Ferry-Porter 
equation: 

n=klogI+#’, 
where n—number of alternations of light and dark, I—intensity of 
illumination, and £ and k’ are constants (И). . 

These observations were obtained with monocular stimulation and 
with plain visual fields. The work of certain other experimentaliste, to be 
desoribed later, seems to show that in binocular vision other factors than 
those mentioned may be of importance; and that in addition the nature 
of the visual field may itself exert some influence upon critical frequency. 
Consequently a series of experiments was undertaken to investigate these 
pointe. In the experiments about to be described binocular vision was 
used, although in most cases only one field of vision was flickering; and 
the brightness of the non-flickering field was varied, and also the nature 
and appearance of both fields. It will be shown that critical frequency i8 
affected by these factors, and is not determined solely by the retinal and 
peripheral nervous factors mentioned above. 


IL METHOD OF EXPERIMENT. 
(1) Apparatus. 

The apparatus consisted essentially of 8 large box, 93 in. long, 36 in. 
wide and 94 in. high, divided lengthways into two equal halves by a 
vertical partition. The subject of the experiment, by looking through the 
two prisms P, and P, (see Figs. 1 and 2) could observe the centres of the 
fields F, and F, provided by the back of the box, that of the right com- 
partment with the right eye, and that of the left with the left. In each 
case an area subtending an angle of about 12? could be seen. The flickering 
or steady light was cast on these fields by two lamps L, and Ly, shining 
through the apertures O, and O, of the light-tight boxes contained within 
the large box. The flicker was produced by rotating the discs D, and D,, 
each containing two alternate open and closed sectors of 45°, between the 
lamps and the apertures. The discs rotated on shafts connected by pulleys 
and belt drives to an intermediate pulley shaft, driven by a motor; they 
could be thrown in and out of gear (i.e. rotated or kept stationary) by 
means of suitable loose-running pulleys and braking arrangements. Thus 
both discs could be rotated simultaneously, at the same speed; or either 
could be rotated alone, the other being kept stationary. 


The fields F, and F, were illuminated before the exposure by lamps | 
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Г, and L,; the double triangular cardboard screens S, and Sa, held in 
place by the electromagnets E, and E,, prevented the transmission of 





Fig. 1. Apparatus seen in horizontal section. 


LE, 





Fig. 2. Apparatus seen in vertical section. Fig. 8. Main lighting cirouit. 


light through the apertures O, and O,. When the current through the 
electromagnets was cut off, the screens dropped (by rotating about the 
axes A, and A, at their corners), cutting off the light from L, and Li, and 
allowing the light from О, and О, to fall on Р, and Fy. 


23-2 
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The electric circuit through the lamps L, and L, is shown in Fig. 3. 
Either lamp could be switched on and off separately by the switches K, 
and K,, or both together by the switch K,. The illumination of the fields 
was varied in the earlier experiments by varying the brightness of the 
lamps by means of the rheostats R, and R5, the voltages being measured 
by the Everett Edgcumbe Voltmeter (type W.M.P.S.) at V, which could 
be connected to either lamp circuit by the two-way switch K,. In later 
observations (Series 5—7, see below), the brightness was varied by placing 
diaphragms of different diameters immediately in front of the apertures 
O, &nd O,. In all cases the illumination of the fields was calibrated 
directly with an Everett Edgecumbe Lumeter (recalibrated by the National 
Physical Laboratory). The brightness of the pre-exposure lamps, L, and 
L,, and also of the overhead lighting of the room (daylight was excluded), 
could be regulated by rheostats and & voltmeter in a separate circuit. 

The speed of rotation of the discs was varied by means of a rheostat 
in the electric motor circuit, and was measured to the nearest 1 per cent. 
by means of a speedometer connected by a belt drive to the intermediate 
pulley shaft. The speed was frequently calibrated directly by means of 
& revolution counter. 


(2) Experimental procedure. 

In a preliminary series of experiments, an attempt was made to 
determine the threshold value for the critical frequency by gradually 
increasing the speed of flicker, or reducing the brightness, until the flicker 
disappeared, and then gradually bringing the flicker back again. It was 
found that the subjects, however, invariably had the greatest difficulty 
in determining the points at which flicker disappeared and reappeared. 
There was a large and variable region in which flicker was so slight as to 
be no more than a shimmer. Consequently the readings were so irregular 
that they were valueless. Moreover, the effect of variations in the time 
taken in making the judgments seemed to be appreciable; the critical 
frequency decreased rapidly as the time of stimulation increased. Granit 
and Von Ammon (8) found this effect to be considerable for the first 3 sec. 
of exposure in the periphery from 4° outwards. But in these experiments 
it seemed to be appreciable and progressive even at the centre. Con- 
sequently it was thought advisable to use the slower and more cumbersome 
method of limits, keeping all the conditions constant at each exposure, 
which lasted for 3 sec. in the earlier, 1 or 2 sec. in the later, series. The 
subject was required to say ‘flicker’ or ‘no flicker,’ basing his judgment 
upon whether he perceived any flicker at any time during the exposure. 
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Bince with this method the time taken to obtain the threshold is much 
greater, it was unfortunately impossible to obtain sufficient results for 
statistical treatment, without completely exhausting the patience of the 
subjects. Whenever there was a consistent trend in one direction, however, 
they may be taken to be reliable. 

Even with these precautions, considerable variations of critical fre- 
quency were found to occur both during a single sitting and also from day 
to day. During a sitting an average mean variation of as much as 4 per 
cent. was observed for one subject between the first and last readings, 
taken under otherwise comparable conditions, though the mean variation 
was under 1 per cent. for other subjects. But this variation took the form 
of a steady decrease of critical frequency throughout the experiment, 
presumably as the result of fatigue or some type of sensory adaptation 
to flicker. (It was not due to dark adaptation, since the stimuli were all 
fairly bright, and the room was well illuminated throughout.) Thus it 
was possible to eliminate the effects of this variation by a suitable order 
and arrangement of the presentations. 

The day-to-day variation was irregular; the mean variation averaged 
about 1-5-2-5 per cent. for the various subjects. The effect of this varia- 
tion was compensated for by reckoning each day’s results as a percentage 
of some constant standard condition—usually the critical frequency with 
both fields plain, and the steady field either dark, or equal in brightness 
to the flickering field. Thus, in the results given below, all values are given 
as percentages. In the earlier series (1—4), the two eyes were stimulated 
alternately during each sitting; but in the later series it was found more 
convenient to alternate them only on different days. 

In most of the experiments (Series 1-7)1, the brightness of the fields 
was kept constant, and the threshold value obtained by varying the rate 
of rotation of the discs. Series 8 and 9 were designed in part, however, as 
a completion of some unpublished work by Dr D. N. Buchanan, in which 
the threshold was obtained by varying the brightness and keeping the 
rate of flicker constant. This method has numerous disadvantages, the 
chief one being that it is impossible with a lumeter to obtain completely 
- accurate detailed calibration curves for the lamp voltages. Since the re- 
sults throw some useful light on those of Series 1-7, they are, however, 
described below. It will be seen that the general trend of the results of 
these series is clear, even though small differences may not be altogether 
accurate. 

The time of exposure of the flickering light was 3 sec. in Series 1-3; 


1 Details of the illumination and the nature of the fields are given in the Appendix. 
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but this time was then reduced, to avoid as far as possible the fatigue 
produced by the flickering light. In Series 4, 6 and 7, the figures were 
covered while the fields were illuminated by the pre-exposure lights, and 
only exposed at the moment at which the exposure lights were uncovered. 
This was done in order that the subject should only have a limited time 
for examining the figure, and hence would be less likely not to attend to 
it at all during the exposure. (It was intended that the subject should be 
as fully aware as possible of both the figure and the flicker throughout the 
exposure.) In Series 4, the time of exposure was cut down to 1 sec. (ap- 
proximately), by the use of a pendulum carrying a screen which swung 
across the figured field, obscuring it after 1 sec. exposure. This device 
was cumbersome to use, however, and in Series 5-7 an exposure of 2 sec., 
timed by a stopwatch, was given. In Series 8 and 9 the subject was 
allowed to look at the figures before the exposure lights appeared— 
that is, during the pre-exposure period—in order to ensure stereoscopic 
fusion. i 

An artificial pupil was not used, since Lythgoe and Tansley (13) found 
that the variations in critical frequeney produced by variations in pupil 
size were inconsiderable. 

(3) Subjects of the experiments. 

The subjects were all, except one, graduate students and research 
workers in psychology. The exception was a youth of seventeen employed 
in the laboratory. Since the apparatus did not interfere with the use of 
spectacles, those who normally wore spectacles were allowed to continue 
wearing them during the experiments. It was unfortunately not possible 
to have all the experiments performed by all the subjects. 


IIT. THe CRITICAL FREQUENCY OF MONOOULAR AND 
BINOCULAR FLICKERING FIELDS. 


The first object of these experiments was to determine the effect. 
produced upon the monooular critical frequency of flicker by a steady 
non-flickering bright field exposed to the other eye. In Series 1 plain 
white flickering and steady fields were presented simultaneously to the 
two eyes, and the critical frequency measured for different illuminations 
of the steady field, the illumination of the flickering field being kept 
constant. In Table I and Fig. 4 (on the left) are shown the variations of 
the critical frequency for Subjects 1—4, expressed as percentages of the 
critical frequency when the steady field was dark. The values for the two 
eyes have been averaged together. 


° 
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It appears that there was а gradual decrease in the critical frequency 
with increase of illumination of the steady field. For three subjecte, the 
eritical frequency was highest when the other eye was in darkness. The 


‚ Series 1 . Series 5 
Illumination of š Illumination of 
flickering field š flickering field 


102°5 


100-0 


97*5 





Per cent. rhonocular critical frequency with steady field dark 





——- Subject 2 
-—- Subject 3 
——- Subject 2 —— Subject 6 
-—— Subject 3 M Subject 9° 
seems Subject 4 ---— Subject 10 
0 20 40 6-0 0 2-0 40 60 80 100 


Xllumination of steady field (f.c.) 
4. Effeot ocular critical f th 
Fig. upon monon of the a held of varying the 
range of the decrease was from 3-6 to 8-7 per cent. for the different sub- 
jects, with an average value of 5:3 per cent. Since critical frequency 
decreases with decrease of intensity of the flickering light, we may say 


° 
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that the phenomenal intensity at the eye illuminated by the flickering 
light decreased with increase of illumination of the other eye. It may be 
observed from Fig. 4 and Table I, however, that the decrease was much 
more rapid for illuminations of the steady field greater than that of the 
flickering field. For illuminations of the steady field less than that of the 
flickering field the effect is somewhat ambiguous. Indeed, for two of the 


Table I. Effect upon monocular critical frequency of variations «n 
- the illumination of the steady field (Series 1). 
Illumination of steady field, in f.c.s 


Bubjeot 4-90 3-32 1-48 0-85 0-12 0 
1 96-4 970 97:3 98-1 98-7 100:0 
2 96-5 97-8 101:0 100-9 102-3 100-0 
3 91-3 92-0 920 >- 970 95-0 100-0 
4 94-6 95-3 96-3 98-0 97:8 100-0 
Av. 94-7 95-5 96-8 98-5 98-5 100-0 


four subjects the critical frequency, though higher when the steady field 
was in darkness than when it was equal in brightness to the flickering 
field, was also higher in the latter case than when the steady field was 
dimly illuminated. But the depressing effect of а really bright field upon 
the sensitivity of'the other eye was much larger and more consistent. 

Although the general trend of these curves is fairly obvious, there are 
numerous individual differences and inconsistencies. From the intro- 
spections of the subjects it was possible to deduce the existence of certain 
sources of error and difficulty in making flicker judgments. These were 
as follows: . 

(1) The rather long exposure time and the brightness of the white 
surroundings set up a glare which was sometimes dazzling and fatiguing 
to the eye. 

(2) The size of the field was large enough to introduce considerable 
differences between the peripheral and foveal critical frequencies. Lyth- 
goe and Tansley 12) and Creed and Ruch @) have shown conclusively that 
with photopic vision the critical frequency is higher in peripheral than 
in foveal vision. ү 

(3) The variation of the illumination of the field by varying the 
voltage of the lamps introduced colour variations of the field. 

Consequently in Series 5-7 these factors were eliminated as far as 
possible by: _ 

` (1) reducing the exposure time to 2 sec. and making the surroundings 
black, 
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(2) reducing the fields to 5? of angle!, 

(3) varying the illumination of the field by placing diaphragms of 
different aperture in front of the lamps. 

The range of illumination was also Increased, to give 8 wider range to 
the observations. 

Series 5 was designed to supplement iiis 1, and determine the effect 
produced upon the monocular critical frequency of flicker by a steady, 
non-flickering field exposed to the opposite eye. The results are shown in 
Table П and Fig. 4 (on the right). They resemble those obtained in 
Series 1, but the effect produced by the steady light upon the critical 
frequency was much less; the range of the decrease was from 1-9 to 
5-7 per cent. for the various subjects, and averaged 2-5 per cent. The de- 
pressing effect of the brightest steady light upon critical frequency was, 
however, unequivocal; though the amount was only small, it was quite 
consistent for all five subjects. But the effect of the less bright steady 
lights was again ambiguous. By comparing the two sets of curves in 
Fig. 4, it may be seen that it was only when the brightness of the steady 
field exceeded that of the flickering field that any marked res off in 
critical frequency occurred. 


Table II. Effect upon monocular aud Frequency of variations in 
the illumination of the steady field (Series 5). 
Illumination of steady field, in f.o.s 





p u —s 
Subjeot 10-10 5-00 2-55 0 

2 98-1 100-7 101-0 ‘100-0 

3 97-7 98-5 98-7 100-0 

8 98-3 100-1 96-7 100-0 

9 96-3 98-2 100-2 100-0 

10 97-1 98-7 99-9 100-0 
Av. 97.5 ` 99-2 99-8 100-0 


It is clear from these results that, except for Subject 2, no summation 
of brightness for the two eyes was discovered in these qbservations. In 
Series 8 and 9, however, there appeared to be 8 considerable increase in 
the critical frequency when both fields were flickering simultaneously?. 
This result was therefore re-tested in Series 5. Both fields were flickering 
at the same rate (though not necessarily i in the same phase), and at the 
same brightness, 5-0 f.c. The results are given in Table ш, and show that 


1 It was impossible to reduce the field further without making the figures and diagrams 
in Berles 6 and 7 too small to be clearly visible. 

2 Although for the sake of convenience these series are numbered after Series 6 and 7, 
they were actually presented before them. . 
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the binocular critical frequency was greater, generally by about 5 per 
cent., than the monocular critical frequency, whether the steady field 
was dark, or illuminated at 5-0 f.c. That is to say, there was distinct 
summation of brightness of two flickering fields, but none with one 
flickering and the other steady. This curious result will be discussed again 
below. 


` 


Table III. Comparison of monocular and binocular critical frequencies. 
| Monocular flicker. 


Illumination of steady 
field in f.c.s 
Binocular 
Subject flicker 5-0 0 
2 100-0 96-6 95:9 
3 100:0 96-8 98-2 
6 100-0 95-2 95-1 
9 100-0 93-5 95-2 
10 100-0 94:2 95-4 
Av. 100-0 95-8 96-0 


IV. EFFECT UPON MONOCULAR CRITICAL FREQUENOY OF 
FIGURED FIELDS. 


(1) Figure in steady field. 

The next step was to observe the effect upon the monocular critical 
frequency of introducing different types of figures into the flickering and 
steady fields. It seems from the results described in the last section that 
the less bright the flickering field relatively to the steady field, the less 
the former predominated over the latter in the fused binocular percept, 
and in consequence the less the awareness of flicker. It was thus thought 
that perhaps the same result might appear if other means were adopted 
of increasing the predominance of the monocular percept of the steady 
field over that of the flickering field, namely, by introducing figures of 
varying types into the former. To this end, figures graded in complexity 
were introduced into the fields in Series 2, 3 and 4: a dot in Series 2, an 
outline square in Series 3, and a variety of geometrical figures in Series 4. 

In Table IV and Fig. 5 are shown the critical frequencies of the 
flickering field with an equally bright steady field, plain, containing a 
dot, or a square; these frequencies are expressed as percentages of the 
monocular frequency with the steady field dark. It is seen that there are 
slight indications of a reduction in the critical frequency, especially with 
a dot in the steady field. But the effect.was not very clear or pronounced, 
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and in most cases was very little greater for the figured fields than for the 
plain field. In Table V are given the resulte of Series 41; the critical fre- 
quencies with figured steady fields are given as percentages of the critical 
frequencies with plain steady fields. Again the results are ambiguous. 
For Subjects 2, 8, b and 6 there were fairly large differences between the 
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95:0 

Subject 9 

100-0 

97-5 
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Steady field: 4, dark; B, plain; O, with dot; D, with square; E, dark; F, plain; G, with 
cross; H, with geometrical figure; Г, with drawing of real object. 


Fig. 5. Effect upon monocular critical Reduency of presenting 
a figure in the steady field. 


critical frequencies with the plain and figured steady fields; Subjects 2, 
3 and 6 had a lower critical frequency with the figured steady field, 
Subject 5 a higher. It should be mentioned, however, that Subject 5 
scarcely ever saw any flicker on or near the figure, but merely on one side, 
or towards one corner, of the field. It seems probable, therefore, that 
when the field was figured, the critical point was judged from peripheral 


1 In this series, through an error, the steady fields were rather brighter than the 
flickering field —1-48—0-87 f.o. 
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flicker vision only, whereas when the field was plain, the flicker was per- 
ceived centrally. This would account for the еи value of the critical 
frequency in the first case. 


Table IV. Effect upon monocular critical frequency of presenting a 
figure in the steady field (Series 2 and 3). 


Steady Steady Steady field containing 


field field —TIƏO 
Subject dark plain Dot Square 
1 100:0 98-1 97-5 98-2 
2 100-0 100-9 96-1 98-9 
3 100:0 97-0 98-0 90-0 
4 100-0 98-0 93-8 98-1 


Table V. Effect upon monocular critical frequency of presenting a 


figure in the steady field (Series 4). 
enoy frequenoy 
pry famed of fzured 
field as field as 
per oent. of per cent. of 
that of that of 
Subject plain field Subjeot plain field 
1 97-9 5 103:8 
2 94-3 6 95-8 
3 96-9 7 101-1 
£ 1014 8 102.2 


This observation demonstrates a source of irregularity and varia- 
bility which was mentioned previously—the variation of the critical 
frequency with the retinal area stimulated. Accordingly in the later 
series, 5, 6 and 7, a smaller area was stimulated; at 21? from the centre 
the critical frequency is not appreciably greater than that at the centre. 
In Table VIare given the resulta for Series 6 and 7, and in Fig. 5 they are 
compared with those of Series 1, 2 and 3. We see that the critical fre- 
quency was appreciably decreased for four subjects when there was a 


Table VI. Effect upon monocular critical frequency of presenting a 
figure tn the steady field (Series 6 and Т). 


Steady field containing 
SEE 
Steady field Steady field Geometrical Drawing of 
Subject dark plain Cross figure real object 
1 100-0 — 96:2 98-6 96-6 
2 100-0 100-7 101-0 101-9 102-4 
3 100-0 98-5 94-5 99-6 100-7 
6 100-0 100-1 95:5 99-5 90-7 
9 100-0 98-2 95-4 95-6 96-7 
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cross in the steady field, for three subjects when there was a drawing of 
a real object, but only for one subject when there was a geometrical 
drawing. The last result seems a little inexplicable. The subjects were 
required to reproduce these geometrical figures afterwards, in order to 
ensure that they did not ignore it altogether and concentrate only on the 
flicker. The figures were rather complicated, and the subjects reported 
that they tended to forget whether or not the field was flickering; and 
one can only surmise that, in the effort to remember the figures, the 
flicker judgments were given at random, and hence were too variable to 

show any consistent trend. The results for the cross and the drawing of 
` the real object are clearer. But it does not appear that the effect pro- 
duced by the latter was any greater than that produced by the former. 
Consequently this effect seems to have been independent of (a) the 
amount of patterning or figure in the field, (b) the interest and attention 
aroused by the figure (which was usually considerable with the animal 
drawings). Indeed, if anything, the very simplest figures, the dot in 
Series 2 and the cross in Series 6, seemed to produce the greatest effect 
upon critical frequency. Judging from their introspections, the subjects 
usually devoted a shorter period of time out of the total exposure to 
making their flicker judgments when there were figures in the field. But 
this was not necessarily due to any interest in the figures; rather, the 
latter forced themselves into the centre of awareness, and made it im- 
possible to give reliable and certain flicker judgments without a con- 
siderable effort of will. But this phenomenon was reported for the simpler, 
as well as for the more complex figures. 

Some of the discrepancies in these results may have been due to the 
fact, also reported by the subjects, that it was sometimes hard to keep 
the plain unfigured fields in focus. Thus the flicker was sometimes not 
observed when it approached 'the critical frequency. This would tend to 
lower the critical frequency with the steady field plain relatively to the 
critical frequency with the steady field figured. 


(2) Figure in flickering field. 

It is now interesting to observe if any effect is produced upon critical 
frequency by introducing a figure into the flickering field, and compare 
that effect, if any, with that produced by a figure in the steady field. 
From Table VII and Fig. 6 it appears that in Series 2 and 3, with-purely 
monocular stimulation, the steady field being kept dark, the critical 
frequency was on the whole reduced by introducing a dot or a square into 
the flickering field; the effect was, in general, greater than that produced 
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by & figured steady field, and was consistent, except for Subject 1. It 
seems curious that so small and insignificant a figure as a dot should 
produce so considerable an effect; again it cannot be ascribed to a dark- 
ening of the field by the pattern, or to a concentration of interest and 
attention on the figure. It is possible, however, that the dot tended to 


A B O A B C 
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Flickering field: А, plain; B, with dot; C, with square. 
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Fig. 6. Effect upon monocular critical froqueney of presenting 
ш & figure in the flinkering fie 


concentrate vision upon the centre of the field, thus eliminating any peri- 
pheral perception of flicker, which might have occurred with a plain field. 

When, however, in Series 4, а geometrical figure was introduced into 
the flickering field, with the steady field plain and rather brighter than 


Table VII. Effect on monocular critical frequency of presenting a | 
figure in the flickering field (Series 2 and, 3). 


Flickering field 
With With 
Subject Plain dot square 
1 100-0 100-3 99-4 
2 100-0 93-4 93-9 
. 3 100:0 98-6 95:5 
4 100-0 97-8 98-4 


the flickering field, it was found that in general the critical frequency was 
. raised (see Table VIII). The effect was slight, but was shown by six 
subjects out of eight. In no case was there any appreciable reduction of 
critical frequency. 

It was hoped that the results of Series 7 would throw some light upon 
these contradictory results. In this series, as in Series 5 and 6, the area 
of the stimulus was only 5° of angle; the figures were similar to those of 
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Table VIII. Effect on monocular critical frequency of presenting a 


figure in the. flickering field (Series 4). 
Critical Critical 
frequency eno; 
of Bgared of 
fleld as ў field as I 
r cent. o ' per cent. o 
ES of that of 
Subject - plain field , Subject plain field 
1 106-9 5 102-2: 
2 101-0 6 103-0 
3 101-2 7 102-4 
4 90-1 8 99-9 


Series 6, but appeared in the flickering field. Unfortunately, as will be 
seen from Table IX, these results are themselves contradictory. Subjects 
2 and 9 showed an increase of critical frequency when figures were intro- 
duced into the flickering field, the steady field being plain and of equal 
brightness. Subjects 3 and 6 showed a decrease. 


Table IX. Efect on monocular critical frequency of presenting a 


figure in the flickering field (Series T). 
Flickering field containing 
Flickering ` Dra 

field Geometrical of real 

Subject plain Cross object 
1 100-0 100-1 101-6 99-6 

2 100-0 102-2 102-6 101-4 

3 100-0 98:8 98-7 98-3 

6 100-0 100-9 99-3 96-5 

9 100-0 100-3 104-7 103-3 


À. possible explanation of this effect seems to be that the inhibitory 
effect of the steady white field was in some cases greater when the flicker- 
ing field was plain than when it was figured. Thus in Series 4, and in some 
cases in Series 7, this effect was sufficiently great to swamp the inhibitory 
effect produced by the introduction of figures into the flickering field. 
A large inhibitory effect was produced by interaction of the plain steady 
field with the plain flickering field; and this effect was actually reduced ` 
by the simultaneous presence of figures in the flickering field. This sup- 
position is the more probable in that, as mentioned previously, the steady 
field was inadvertently made brighter than the flickering field in Series 4 ; 
and, as may be seen from Fig. 4, critical frequency was considerably 
lower wheu the steady field was 1:45 f.c. than when it was 0-87 f.c. Thus 
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we may suppose that a steady field considerably brighter than the 
flickering field produces a greater effect upon the latter when plain than 


when figured. 


V. EFFROT UPON MONOOULAR AND BINOCULAR ORITIOAL FREQUENOY 
OF BINOCULAR FIGURED FIELDS. - 


(1) Monocular flicker. 


If a decrease in critical frequency is produced by the introduction of 
a figure into the steady field, and is also produced by the introduction 
of a figure into the flickering field, it might be expected that a greater 
decrease would be produced by introducing figures into both fields. Such 
figures must of course be quite or almost identical to ensure fusion and 
eliminate rivalry. In Series 8 and 9 the simple cross figures were identical; 
the more complicated line drawings of geometrical solids and shaded 
drawings of real objects were stereoscopic. Most of the subjects reported, 
however, that the effect of relief was not great, and only on one or two 
occasions did the flicker and figure appear in different planes. Con- 
sequently the effects seem to resemble on the whole those produced by 
two identical fused monocular figures. 

In Table X and Fig. 7 are given the results obtained when both the 
fields were figured, but only one flickering. As noted above, the illumina- 
tion of the fields was varied in these series, and the rate of flicker kept 
constant. Since the rate of flicker varies with the logarithm of the 
intensity of illumination, these results have been plotted on a logarithmic 
scale, to make them comparable with those of the earlier series. When 
this is done, the increase in the threshold (increase of brightness, or de- 
crease of critical frequency) still appears to have been large and con- 
sistent, considerably more so than when only one field was figured. We 


Table X. Effect on monocular critical frequency of presenting figures 


in both fields simultaneously. 
Fields containing 
Stereoscopio drawings of 

: Fields Geometrical — Real ` 
Subject plain Crosses Bolids objeots 

2 100-0. 114-1 117:5 ` . 111-5 ^ 

6 100-0 — 100-6 103-0. 

7 100-0 108-5 118-1 105-8 

8 100-0 110-7 107-0 100-0 

9 100-0 119-2 103-6 111-0 
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must conclude, then, that some increase in the threshold is produced by 
introducing a figure into the flickering field, and that this effect sum- 
mates with that produced by introducing 8 figure into the steady field to 
give an even greater effect when both fields are figured. Again, this 
effect is on the whole greater with the simpler figures, the cross and the 
geometrical solids. . . - 


(2) Béitooular Jisoker. 


In Series 9 both fields were made to flicker simultaneously, at equal 
rates and brightnesses. The results are shown in Table XI and Fig. 7. 
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Fields: А, plain; B, with cross; О, with solid; D, with real object. 
Fig. 7. Effect роп аы] MAD аш. figures 
In the first place, a general lowering of the threshold took place, as was 
noted above іп Section III of this paper. But superimposed upon this a 
consistently larger increase in the threshold than in Series 8 was produced 
by introducing figures into the fields. That is to say, the depressing effect 
of the figures was greater when both fields were flickering than when only 
one was flickering. This seems to show that the effect of the figure is 
greater when actually present in the flickering field than when in the ` 
J. of Payoh. xxrv. 4 i 24 
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steady field (always provided its effect is not complicated by the presence 
of a bright, plain, steady field). This confirms the results obtained in 
Series 2 and 3 (see p. 363). But this effect was not great enough to raise 


Table XI. Effect on binocular critical frequency of presenting figures 


in both fields simultaneously. 
Fields containing 
Stereoscopic drawings of 
се ns. 
Fields Geometrical Real 
Subjeot plain Crosses solids objects 
2 100-0 81-4 122-8 131-0 
6 100-0 107-2 107-6 118-5 
7 100-0 115-0 129-1 114-5 
8 100-0 117-5 118-6 119-8 
9 100-0 122-8 114-6 184-1 


the threshold to the level which obtained when only one field was flicker- 
ing. The summative effect of the binocular flicker was still more powerful 
than the inhibitory or depressing effect of the binocular figures. 

Thus the following conclusions have been reached: 


Effect of plain, bright, steady field > effect of dark field. 

Effect of figure in steady field > effect of plain, bright, steady field. 

Effect of figure in flickering field > or < effect of plain, bright, steady 
field. 

Effect of figure in flickering field > effect of figure in steady field. 

Effect of figure in both fields (one flickering) > effect of figure in one 
field only. | 

Effect of figure in both fields (both flickering) > effect of figure in 
both fields (one flickering). 

Summative effect of binocular flicker > inhibitory effect of figures. 


In fine, the greater the number of presentations we add to the 
binocular percept, the greater the decrease in visual sensitivity as 
measured by the critical frequency of flicker. Yet we have seen that this 
conflict is not simply one of interest and attention, for the decrease is 
produced as much by the simple and familiar figures as by more com- 
plicated and novel ones. Moreover, it should be noted that if both fields 
are flickering simultaneously at the same rate, the conflict is replaced by 
a confluence or summation. 
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VI. Discussion. 


That these results seem rather confusing and conflicting is hardly 
surprising in view of the contradictory results obtained by other in- 
vestigators with regard to binocular interaction and summation of bright- 
ness. Thus Sherrington (17) found that the binocular interaction between 
two foveal flickering fields was very slight indeed, although some summa- 
tion did occur when the phases of the flicker were synchronous for the 
two eyes. But the effect of a monocular field of steady brightness was to 
decrease the critical frequency of the other, flickering field, whether the 
former was brighter or dimmer than the latter. Actually the reduction 
produced by a brighter steady field seems to have been rather greater 
than that produced by a darker steady field (9 to 4 per cent.). These re- 
sults-were controverted by De Silva and Bartley 6), who found that, with 
steady non-flickering lights, the dimming of one field always produced 
dimming of the binocular field. This dimming was greater with dim stimuli 
than with bright ones, and with a larger field than with a smaller, foveal 
one. The binocular dimming was relatively less than the actual physical 
monocular dimming with small degrees of dimming, but greater than the 
actual monocular dimming for high degrees of dimming. This agrees with 
the phenomenon discovered by Fechner(6) and known as Fechner’s 
paradox; though Fechner placed the maximum subtractive effect with 
intensity ratios of 1:25, while De Silva and Bartley put it at 1:8 or 1:15. 
These results are also in agreement with those of Frank АПер (1), who 
found that dark adaptation of one eye produced a decrease in the critical 
frequency of flicker of the other eye; while prolonged stimulation of one 
eye with bright light produced an increase of critical frequency of the 
other eye. G. Hartmann (9) found that a corresponding increase in visual 
acuity, a8 measured by the smallest perceptible separation of two black 
squares оп а white ground, white squares on a black ground, or grey 
squares on a grey ground, was produced by presenting a very bright light 
to the opposite eye 2 sec. before the measurement of acuity began. 

Zigler and Ward (18) found that a shift from binocular to monocular 
vision produced & darkening of the field in 90 per cent. of presentations 
of plain, coloured and figured fields subtending an angle of 4° at the eye. 
But Laird п) found that binocular summation of brightness occurred 
, only in scotopic vision; in photopic vision the brightness of the binocular 
sensation approximated to that of the monocular sensation of the keener 
eye. And a number of observers, including McDougall a3) and Piper 14), 
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found that binocular summation of brightness occurred only with very 
dim stimuli; the latter explained this alteration in brightness as a function 
of dark adaptation. | 

One can only conclude from these diverse results that any effect of 
summation is less pronounced, if not absent, with bright stimuli and 
foveal stimulation; and that the summative effect is greater with peri- 
pheral vision and with dim stimuli or dark adaptation. It has been shown 
by Granit(r Creed and Ruch@) and others that spatial summation of 
brightness is considerable in the periphery of the single retina, but this 
effect is usually ascribed to synaptic convergence, and cannot for that 
reason. bear any relation to binocular summation. Even should the size 
of the areas account for the summative effects of binocular flicker demon- 
strated in these experiments, why should flicker summate, and not steady 
brightness and flicker, though flicker (at a given rate) is said to depend 
wholly upon brightness? It is difficult to account for the depression of 
frequency produced in these experiments by the steady bright areas, 
even if this is a purely foveal effect similar to that demonstrated by 
Sherrington. In fact, it is difficult to give any explanation of these pheno- 
mena except by some species of interaction at the central nervous level. 

: Since the results obtained in the work of these other investigators are 
80 conflicting, and seem to give so little assistance in arriving at a possible 
explanation for the results obtained in the experiments described in this 
paper, the writer is inclined to advance a purely phenomenological ex- 
planation. This is foreshadowed in some observations made by Shepherd 
Dawson (4), and by Zigler and Мага (18). Thus Dawson found that the 
monocular and binocular percepts evoked by the same stimulus, a grey 
ring on a slightly lighter grey ground, were very different in character. 
The monocular percept was more intermittent than the binocular; was 
sometimes elusive and fluctuating, or hazy, filmy and ghost-like, It was 
seen and located less easily, and its edges were less distinct. Though the 
smallest detectable difference in brightness was the same for monocular 


' and binocular vision, the monocular observations were less certain and 


steady, and more difficult to make. Zigler and Ward found that the 
transition from binocular to monocular vision was attended, not only 
by a decrease in brightness, but also by a loss of saturation of colour, a 
decrease in definiteness, clearness and ‘hard surface characteristics,’ a 
tendency to lack ‘objective reference,’ and a tendency of the surface to 
soften and develop a ‘thin, cloud-like effect.’ 

Now it was characteristic of the observations described in this paper 
that there was a considerable range round about the threshold when the 
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flioker was shimmering, hazy, indefinite, and when it was very difficult 
to say if there was flicker or not. The suggestion is hazarded that when 
flicker is binocular there is an increase in clearness and definiteness in the 
appearance of flicker, which would fix the threshold in the lower regions 
of this range. With monocular flicker, however, the percept of the bright, 
steady field would tend to ‘dilute’ the flicker percept, and make it even 
more hazy than when it is purely monocular, #.e. when the steady field is 
dark; hence the threshold would be reported to lie at the upper end of the 
range of indefiniteness. This effect would tend to increase with increasing 
brightness of the steady field. Moreover, with large areas of stimulation 
and bright surroundings, as in Series 1, it might well be greater than with 
smaller areas and dark surroundings, as in Series 5; and in fact the de- 
pressing effect was greater in Series 1 than in Series 5. 

The presence of figures in the field would have soméwhat the same effect. 
To borrow the Titchenerian phraseology used by Dallenbach@), they 
would render the flicker ‘attributively unclear’ by their own ‘attributive 
clearness,’ even when they lacked any cognitive attentive value or interest 
value. Their clear, dark lines would be focused at the centre of awareness, 
making purely marginal the apprehension of the indefinite, hazy flicker 
phenomenon. This would account for the effect produced by figures both 
in the flickering and in the steady fields. The existence of this conflict is 
confirmed to some extent by the subjects’ introspections which were quoted 
above. They also reported sometimes that if flicker was particularly clear 
and vivid, it interfered with perception of the figures, which were ignored 
or forgotten in consequence; t.e. the attributive clearness of the flicker 
was greater than that of the figure, hence the former occupied the centre 
of awareness. On the occasions on which the critical frequency seemed 
to be lower when the steady field was plain and the flickering field figured 
than when both were plain, it is to be supposed that the plain field ‘diluted’ 
the effect of the figure, as well as that of the flicker. Hence the effect of 
the figure was no greater than, or even less than, that of the plain field. 
On the other hand, the conflict between the figure and’ flicker seems to 
have been more acute when both flicker and figure were in the same field, 
and the steady field was dark, than when one was in one field and the 
other in the other—that is to say, the effect upon critical frequency was 
greater. It seems understandable that a direct monocular conflict of 
clearness might be greater than a transferred binocular conflict. 

The binocular figures again would tend to produce 8 greater effect 
upon the threshold than the monooular ones, since they would themselves 
be clearer.and more definite—as noted by Dawson, and by Zigler and 
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Ward—than the monocular ones. This effect presumably was greater 
with binocular flicker than with monocular flicker, since a greater effect 
is produced by a figure in the flickering field than by one in the other, 
steady, field. n 

This explanation may seem somewhat fanciful in accounting for what 
is usually held to be an unequivocal example of the ‘constancy hypo- 
thesis,’ a phenomenon regulated and determined on the purely sensational 
level, if not in the retina and peripheral nervous system. Yet these lower 
level processes seem quite inadequate to account for the phenomena of 
binocular interaction which have been described above. On the other 
hand, we have seen that the ‘higher’ cognitive processes such as interest | 
have little if any bearing on the results. Consequently it seems reasonable 
to postulate that these phenomena are regulated in accordance with 
some intermediate process which we may call ‘central and marginal 
attributive clearness of awareness.’ Or, to put it in another terminology, 
the figures and the flicker provide a demonstration of Rubin’s ‘figure and 
ground’ phenomenon (16). In general the figures of these experiments 
constituted the ‘figure,’ and the flicker the ‘ground’; but occasionally 
the flicker spontaneously assumed the róle of ‘figure,’ and more often it 
was forced into that part by a voluntary effort of the subject for the 
purpose of making his flicker judgment. The relative dominance of the 
‘figure’ over the ‘ground’ in the binocular percept was determined by 
the nature of the conflicting monocular percepts, according to the scheme 
drawn up on p. 368. This hypothesis is in agreement with the results ob- 
tained by L. Hartmann (0). He found that the flicker disappeared more 
easily (i.e. at a lower frequency) in a field that was perceived as ‘ground’ 
than in one that appeared as ‘figure.’ And we must conclude that the 
flicker threshold is a phenomenon which is determined purely by rate 
and brightness only when it occurs in a plain, unfigured monocular field ; 
with more complex fields it is subject to a number of variations’ which 
are not governed by purely quantitative laws. 


VII. Summary. 


The critical frequency of flicker m the monocular perception of a 
plain white field was found to be modified in binocular perception. It 
was shown that monocular critical frequency: 

(1) Was reduced when the steady field presented to the other eye 
(a) was brighter than the flickering field, (b) contained a black figure of 
varying complexity. 
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(2) Was reduced when a black figure was presented in the flickering 
field; but this effect was masked by a presentation of a plain, steady field 
to the other eye. 

(3) Was increased when both fields were made to flicker at the same 
rate. 

(4) Was reduced considerably when figures were presented in both 
fields, especially when both fields were flickering. 

An attempt has been made to account for these phenomena in terms 
of (a) а conflict in the binocular percept between unlike monocular 
percepts, and a reinforcement between like ones, (b) a conflict in aware- 
ness between the different features of the binocular percept, t.e. the 
figures and the flicker. 


Tn conclusion, my acknowledgments are due to the Medical Research 
Council, a grant from which has made this research possible; and my 
thanks to Prof. Bartlett for permission to work in his laboratory, and for 
his advice and assistance. 


APPENDIX. 
Illumination and Nature of the Fields. 

Series 1-4, and 8 and 9. Size of fields 12° approximately; surroundings white. 

Series 5-7. Size of fields 5°; surroundings black. 

Series 1. Illumination of flickering field, 0-87 f.c.; of steady field, 0, 0-12, 0-85, 
1-48, 3:39, or 4-90 f.c. Both fields plain white; illuminated by flickering and steady 
light alternately. 

Series 2. Illumination of flickering field, 0-87 f.c.; of steady field, 0-85 f.c. One 
field plain white, the other with a black dot in the centre; illuminated by flickering 
and steady light alternately. 

Series 3. Illumination of both fields as in Series 2. One field plain white, the 
other with a large black outline square in it; illuminated by steady and flickering light 
alternately. 

Series 4, Illumination of flickering field, 0-87 f.0.; of steady field, 1-48 f.o. One 
field plain white, the other containing 8 large black outline geometrical figure in it. 
This figure changed at each exposure, though repeated later in the series. Illuminated 
by steady and flickering light alternately. Also controls with both fields plain. 

Series 5. Illumination of flickering field, 5-0 f.c.; of steady field, 10-1, 5-0, 2-55, 
or 0 Ё.с. Both fields plain white; illuminated by steady and flickering light alternately. 
Observations also made with both fields flickering. 

Series 6. Illumination of flickering and steady fields, 5-0 f.o., except for observa- 
tions on monocular flicker, when steady field was dark. Figures of varying complexity 
exposed in steady field only. These were (1) a black cross, (2) a series of black geo- 
metrical figures (different at each exposure), (3) a series of black line drawings of 
animals (different at each exposure). 
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Series 7. Illumination of steady and: flickering flelds, 5-0 f.o. Figures of varying 
complexity exposed in flickering field; (1) and (2) as in Series 6, (3) в series of line 
drawings of domestic objects. Also controls with both fields plain. 

Series 8. One field flickering at speed of 1200 revs. per min., the illumination being 
varied; the other steady, at an illumination of 1-48 f.o. Fields alternated. Two like 
figures of varying complexity presented simultaneously in both fields. These were 
(1) black crosses, (2) black line stereoscopic drawings of geometrical solids, (3) shaded 
black stereoscopic drawings of real objects. Also controls with both fields plain. 

Series 9. Both fields flickering simultaneously at same speed, 1200 revs. per min. 
Tlluminstion of both fields varied equally. Figures similar to those in Series 8. 
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I. INTRODUCTORY. 


Tue history of the theory and methods of treatment of stuttering which 
prevailed even during the nineteenth century() is a record of im- 
perfectly realized guesses at truth and misguided attempts at cure by 
operative methods which showed no advance in understanding upon 
the cauterization practised by Galen, or the instruction in elocution and 
exercises in articulation after the manner of those which were recom- 
mended by Mercurialis in the sixteenth century. Nearly all the students 


of the condition misconceived it ав a defect of speech, to be considered > ' 


along with and treated analogously to other defects, such as interdental 
lisping or ‘burring,’ instead of distinguishing stuttering clearly from these 
as & disorder of speech m which the mechanism of utterance was in nearly 
every case intact, and the capacity to speak satisfactorily under certain 
conditions unimpaired. But if we disregard the crudest of the ana- 
tomical theories we find that some investigators of the problem had 
looked sufficiently beyond the peripheral organs of speech and the most 
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obvious symptoms of the disorder to be able to trace the stuttering to the 
disturbance of breathing which was apparent during the stutterer’s 
attempts to speak. Coén went so far as to argue that the stutterer’s faulty 
speech was the result of a general. weakness and irregularity of his re- 
spiration, and put forward the opinion that the pressure of the pulmonary 
air was ordinarily lower in the case of the stutterer than in that of the 
normal speaker. The belief that respiratory anomalies extending beyond 
the actual period of stuttering are present as the ground of the disturbance 
of speech has persisted with more or less modification up to the present 
time. Even now it finds influential support in the work of Gutzmann’s 
Berlin school(4). But the theory raises important questions which still 
await a definite answer. On the one hand, are the manifestations of faulty 
respiration which are readily observable during periods of stuttering 
speech confined to those periods? Are they, that is to say, simply a less 
obvious and perhaps secondarily developed symptom of the disorder 
without fundamental significance? Or, on the other hand, are the in- 
efficient habits of breathing present also under conditions which do not 
give rise to stuttering or, still more significantly, in circumstances in 
which the stutterer is not required to speak? Answers to these questions 
have been given in directly opposite senses by Gutzmann himself, who 
maintains that there are anomalies of breath-control which are character- 
istic of the stutterer and are present independently of the demand for 
speech, and by Fletcher@), who finds no characteristics of breathing 
peculiar to the stutterer apart from those which occur during stuttering 
speech. ‘ , 


II. RESPIRATION DURING SPEECH IN STUTTERERS 
AND NORMAL SPEAKERS. 


Ав this paper is not primarily concerned with the stutterer's speech 
performances, no detailed analysis will be attempted of the bewildering 
manifestations of disorganization under these conditions which are ap- 
parent in his bréathing. A number of kymograph records are presented, 
however, which serve to illustrate the most striking of the divergences 
"from the normal which occur in the breathing of the stuttering subject 
during the reading aloud of a passage of continuous prose. In the simul- 
taneous recording of the abdominal and thoracic breathing curves, two 
belt-pneumographs of the type described by Gutzmann were employed. 
These pneumographs are constructed on a base formed by a stout rubber 
belt, to the inner side of which a strip of finer rubber is attached to form 
in connection with the recording-tambour the usual closed air-system. 
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During normal speech by a non-stuttering subject the respiration 
curves show a regular and characteristic form (Fig. I), of which the 
distinguishing features are: 

(1) the rhythmic relation between inspiration and expiration; 

(2) the marked prolongation of the period of expiration by com- 
parison with ordinary rest-breathing; 

(3) short inspiration followed by a period of smooth мега 8 
regulated in accordance with the logical sequence of expression; 

(4) very close synchronization between abdominal and thoracic 
breathing, thorax and abdomen functioning in strict co-ordination. 

The three records (Figs. IT, III and IV) of breathing during stuttering 
were all obtained while the subjects were attempting to read aloud the 
same passage of prose as was read by the normal speaker whose record 
is shown in Fig. I. The records of the stuttering subjects reveal abnormal- 
ities in all four of the principal characteristics of breathing during speech 
which have been enumerated above. In all of the records the typical 
relationships between expiration and inspiration have disappeared, and 
the whole process has become arhythmical in the extreme. Speech and 
the thought to be expressed, and further back and all the more distinctly, 
respiration and thought, are out of tune. Fig. IT, a record taken during 
more or less continuous speech, in which the principal overt manifesta- 
tion of the disorder consisted in clonie repetitions which never became 
severe, illustrates very clearly this annihilation of the normal rhythm. 
Instead of а regular sequence of synchronized rise and fall in the curves, 
the record shows a highly irregular progress in which inspiration is inter- 
rupted by expiration, or expiration by inspiration, apparently ab hap- 
hazard, and where sudden involuntary releases of the air in the lungs, 
especially marked in the thoracic curve, have to be compensated for by 
`a prolonged inspiration, which is contrary to and continually interrupted 
by the attempt at utterance. The second stuttering record, Fig. IIT, shows 
even more clearly the disappearance during stuttering reading of the 
temporal sequence and the thoracic-abdominal phase relationships of 
normal respiration. When this record was produced the subjeot ex- 

` hibited all the signs of Very severe distress during reading. The record 
reveals severe tonic cramp in the mechanism of respiration, followed by 
8 strong inspiratory spasm of the thorax which is not paralleled at all 
in the abdominal curve. Similar remarkable fluctuations of the thoracic . 
curve were several times repeated in a single record. Fig. IV is a record of 
breathing during attempted speech, since at no time during the period of 
this tracing, which occupied approximately 20 sec., was the subject able 


GEORGE SETH 379 


to articulate distinctly а single word. For the greater part of the time 
he was quite silent, never achieving more than a momentary laryngeal 
murmur. 

Considered together, these records of breathing during stuttering 
speech reveal, by comparison with the normal: ` 

(1) 8 complete disorganization of the normal rhythm of respiration 
during speech; 

(2) apparently unpremeditated, alioa not always involuntary, 
halts, interruptions, sudden releases, and complete reversals of the process 
of expiration or inspiration; 

(3) a breakdown in the more or less strict parallel phase relationship 
which normally exists between the movements of the thorax and the 
abdomen during speech. 


ПІ. EXPERIMENTAL STUDY OF THE CONTROL OF THE SPEECH- 
MECHANISM IN STUTTERERS AND NORMAL SUBJECTS. 
(a) The problem. 

Disturbance of breathing during the period of utterance forms part 
of the failure of the co-ordinated functioning of the speech-mechanism 
which distinguishes stuttering speech. Whether this disturbance is merely 
8 more pronounced expression of an abnormality of the respiratory pro- 
cess which is present under any and all conditions is very doubtful. But 
even if this cannot be proved, it is still possible that the stuttering subject 
has less than the normal degree of control over the mechanism of speech 
even when speech is not required of him. If that were so, it should not 
be difficult to trace anomalies in his performance when he attempts 
voluntarily to regulate the movements of that mechanism for purposes 
other than speech. | 

It has been argued by Fletcher @) that the disorder of stuttering takes 
its rise in and is maintained by psychological factors which become 
effective only in connection with the willed act of speecll, and then only 
when speech is used for purposes of communication. If any one of the 
elements in that activity be altered, all trace of the disturbance should 
disappear. Allow the stutterer to read in unison or in solitude, and his 
utterance will be as free as that of the normal speaker. Similarly, ez 
hypothesi, if he is asked to control the movements of respiration, or of the 
mechanism of articulation in isolation, and for any other purpose than 
that of communication, he should find it no more difficult to do so than 
the normal subject. It is the essence of Fletcher’s theory that stuttering 
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arises only in, and is conditioned by, certain relational situations as a 
pathological social response, so that, in any situation in which stuttering 
can be eliminated, all the more profound manifestations of the speech- 
disorder will also disappear. This conception of the disorder becomes a 
very dubious one if we can produce in the stuttering subject anomalous 
functioning of the mechanism of speech when speech, either for com- 
munication or for any other purpose, is eliminated. 

Moreover, if stuttering is physiological in origin, we must expect to 
find some persistence of the disorder of function even in situations where 
the sufferer is not required to speak. It is not a final argument against 
such a hypothesis to point out that manipulation of the social situation 
in one way or another very often results in facilitation of the stutterer’s 
speech. This holds good also of the organically conditioned aphasias. 
Hence it has been possible for Travis 5) to argue that such emotional 
factors are of secondary importance while “in the great majority of cases 
the basic cause of stuttering is to be sought in some significant variation 
in the functional integration of the central nervous system.” Experi- 
ments have been carried out by Bleckburn which appear to provide 
evidence of the persistence of anomalous functioning of the speech- 
mechanism in stutterers:as contrasted with normal subjects, when speech 
was not demanded, which we should expect to find upon Travis’s hypo- 
thesis. Blackburn @) studied the voluntary movements of the diaphragm, 
and of the lips, jaws and tongue in stuttering and non-stuttering subjects. 
In all four performances he found that the stutterers manifested defective 
control by comparison with his normal subjects, even although speech 
was eliminated from the experiments, and the social factor reduced to a 
minimum. The experiments which are now to be described duplicate the 
work of Blackburn in this field. 


(b) Experimental procedure. 

The purpose of these experiments was the same as that of Blackburn’s, 
namely, to compare stuttering and normal subjects in respect of control 
of separate parts of the mechanism of speech during voluntary activity 
from which speech was expressly excluded. Voluntary movements of the 
musculature of respiration, and of the lips and lower jaw, were recorded 
by means of a clockwork kymograph running at a constant speed. The 
time was simultaneously recorded by a common electrical marker- 
magnet. Two belt-pneumographs of the type which has been described 
above were used for recording the breathing movements. In recording 
the movements of the lips and jaws Blackburn employed two simple 
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rubber bulbs with walls of different thicknesses, giving a single kymo- 
graphic tracing for each performance. Apart from the inconvenience and 
difficulty in manipulating these, his account of the experiments records 
no precautions of any kind taken to prevent movements of the lower jaw 
during the recording of the movements of the lips.’ In the present ex- 
periments the apparatus employed for registering the movements of both 
lips and jaws (Fig. V) was a modification of the lip-recording apparatus 
described by Gutzmann, in which the recording pencils are directly 
controlled by the lips. i 

Since the apparatus acts like a pair of scissors, the movements of the 
. lower lip are registered by the upper stylus, and vice versa. For the 
movements of the lower jaw only one stylus is required, so that when the ` 





lower arm of the apparatus has been removed, the upper half of the 
mouthpiece can be fixed to form a fulcrum or point T appui for the upper 
teeth. The detachable ebonite mouthpieces are hollowed in the one piece ' 
of apparatus as they are in the ordinary lip-key; in the other they are 
V-shaped so as to be readily gripped between the teeth. Between the 
arms of the apparatus a small rod and cylinder (A in Fig. V), in which 
a spring is inserted, were introduced instead of G'utzmánn's pneumatic 
bulb. The spring employed in the apparatus for recording the move- 
menta of the jaw was considerably stronger and more resistant than 
that of the lip apparatus. 

During the actual experiments the subject was seated before the 
apparatus with eyes closed in order to prevent his attempting to regulate ` 
his performance by watching his own record.-The subject was required, 
during the recording of the lip-movements, to hold firmly between his 
teeth a small piece of rubber or linen in order to eliminate possible 
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movements of the lower jaw. The precaution is a necessary one, as the 
unpractised subject whose natural control of the lips is inefficient tends 
invariably to resort to biting and chewing. In the breathing experiments `’ 
movements of both the thorax and the abdomen were recorded by 
separate pneumographs and tambours, the subject being seated with his 
back to the recording apparatus. The subjects were instructed to breathe 
(or to work the lips or jaws) rhythmically or regularly, and fairly rapidly, 
preserving so far as possible an even speed throughout the performance. 
In all cases the procedure of the experiment was fully explained and the 
nature of the performance actually demonstrated by the experimenter, 
emphasis being laid, as in Blackburn’s investigation, upon the require- 
ment of regularity in the speed of movement. Three periods of practice 
of 15 sec. each were allowed for each subject for each of the three types 
of performance. Apart from the instruction that movements were to be 
‘fairly rapid’ the subjects were left to set their own speed. In view of 
the nature of the experiments every precaution was taken to put the 
stuttering subjects so far as possible at their ease. 

On account of individual differences in fatigability, Blackburn 
stipulated no uniform period of performance or of rest-pauses, instructing 
his subjects to rest during any experiment whenever they felt that fatigue 
was interfering with the regularity of performance. In the present ex- 
periments, in which most of the subjects were children, it seemed better 
to set a definite time-limit of performance even if the interval had to be 
very short. After some preliminary trials with subjects who were not 
included in the experiments proper, a period of 16 sec., followed by a 
rest-pause of approximately 45 sec., was set as the uniform limit of the 
interval of work. The actual records and the reports of the subjects 
themselves indicate that no significant degree of fatigue was induced in 
that time by any one of the performances. The voluntary movements of 
the lower jaw, which were for all subjécts the easiest of the three tasks, 
could indeed have been carried on for much longer without trouble. Ten 
such records, amounting in all to 150 sec. of actual performance, were 
taken for every subject on each test. At most six records were taken for 
any one of the tests on any one day. 

The subjects in these experiments were twelve stutterers and twelve 
normal speakers, three adults and one girl being included in each group. 
Nine of the subjects in each group were children between the ages of 
eleven and fifteen years, and so far as might be, an approximate equiva- 
lence in chronological age was preserved between the opposite members 
of the two groups. One of the stuttering subjects failed to complete the 
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full series of experiments; his records have been disregarded in the 
discussion which follows. 


(c) Results and conclusions. 


Regarding the handling of the data Blackburn writes: “Since the aim 
of all trials was to discover the ability of the Os in performing voluntary 
rhythmical movements of certain peripheral speech organs, the chief 
quantitative variable to be recognized was the regularity of performance.” 
In order to obtain the required measure of variability he counted the 
number of movements in every fourth second, finding therefrom the 
standard deviation in the number of movements performed from second 
to second. To render the measures comparable for the different types of 


100 в.р. 
Average? was cal- 
culated for each subject. We have here followed Blackburn exactly with 


performance, Pearson's coefficient of variation, V — 


Table I. Results from experiments on voluntary control 


of speech-mechanism. 
Stuttering subjects. 
1 2 3 4 5 6 7 8 9 10 пи 12 
А. Breathing М. 5-06 526 554 738 8-10 5-00 646 644 482 — 568 7-28 
во. 1:06 0.00 194 1-67 0-79 128 150 103 061 — 089 1:70 
V 21:01 12-58 35-00 22-63 9-74 25-70 23-18 15-99 12-70 | — 16-63 23-35 
B. Jaws M 6-39 6-72 5:93 756 7:02 526 4:24 5:04 554 — 567 5-40 
в.о. 0-56 0-98 0-86 0-92 104 0-95 0-61 0-71 0:36 — 0-67 0:81 
y 8-71 14-61 14-41 12-19 14-82 18-09 14-45 14-03 653  — 11-86 15:07 
C. Lips M 793 7-05 6.02 6-52 810 6:21 5-73 578 5-47 — 5-82 616 
8.0. 0:83 0-78 0-98 0-89 1-33 1:06 0-72 0-69 0-58 — 141 1:36 
V 


10-50 11-08 16-25 13-65 16-39 17-10 12-58 11-91 10-54 — 24:18 22:14 


M. Average movements per second. 


Table II. Results from ezperiments on voluntary control 
of speech-mechanism. 


3 4 5 6 7 8 9 10 11 .12 
76 5-49 6-66 7:30 5-41 3:96 024 720 3-96 6. 

0-56 0-03 0-32 0-54 0-13 0-60 0-48 0-22 0-73 
10-18 7:91 4-38 9-94 3:85 11:53 670 5:58 10-83 


B. Jaws M. 9:30 8.06 417 6-22 4:34 545 700 241 413 3:81 447 5 


в.р. 0:63 0-05 0-17 0-47 1-55 0-76 1-13 0-45 0-63 045 0-33 0-28 


6-74 801 4:02 7-61 14-43 13-97 16-11 18-71 15:22 11:92 7:47 5 


y 

C. Lips M. 874 719 507 604 4-30 6-96 6-06 1-70 568 5-77 609 6 
в.о. 076 0-59 0-89 0-07 0:80 0-78 0-55 0-45 0-74 0-53 0:52 0 
V 8 


8:68 8-19 17:61 9-50 18-64 11-22 9-00 24-87 13:05 9:21 
M. Average movements per second. 
J. of Psyoh. ххту. 4 25 
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the exception that, as the total amount of work done was lesa than in his 
experiments, the movements have been counted for every third second. 
Although a double breathing record was taken, the upper chest move- 
menta have been disregarded, and only the movements of the diaphragm 
considered. Similarly, the movements of the lower lip only have been 
counted, movements of the upper lip being for several of the subjects 
quite negligible. The statistical results are shown separately for the 
stutterers in Table I, and for the normal subjects in Table П. 

Even superficially considered, the comparative indications of the two 
tables appear to provide point to point confirmation of Blackburn's 
findings. More closely scrutinized, however, the results afford an even 
clearer and more unequivocal demonstration of some of his conclusions 
than his own data. In particular, they allow us to emphasize and to 
attempt to estimate the significance of the divergence in the results from 
the different tests. In summary form, the statistics from our two groups 
are as follows: 


(Mean V) (Mean V) Difference 
A. Breathing 20-4 7-9 12-5 +1-5 
B. Jaws 12-9 10-7 2241-1 
O. Lips 15-6 12-7 2-9 +1:5 


In all three types of performance the stutterers tend to show a higher 
degree of variability than do the normal speakers. As in Blackburn’s 
experiments also, the difference in favour of the latter is far more marked 
in the voluntary movements of thé diaphragm than in either of the other 
performances, in both of which the difference between the groups is not 
considerable. In control of the rhythmical movements of respiration 
under the conditions of the experiment the difference between the 
stutterers and the normal subjects is statistically significant to the extent 
of being eight times as large as its probable error. In the results of the 
experiments on the movements of the lips and jaws the groups differ 
only by about twice the probable error. 

These results, therefore, offer emphatic corroboration of the con- 
clusion that stutterers show a marked inferiority to normal speakers in 
voluntary control of the mechanism of respiration even when they are 
not required to utter a word. In control of the rhythmical movements of 
the lips and jaws they show а similar but much less pronounced deficiency. 
If, as the results indicate, the differences in the latter types of perform- 
ance are to be regarded as insignificant, then the experiments serve only 
to narrow the problem to the explanation of the specific inferiority in 
voluntary control of respiration. Even if it might be argued in criticism 
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of the results of the experiments that the ascertained abnormality of 
function might well be the outcome and expression of a psychological 
reaction—anxiety or fear—to the experimental situation itself, the result 
still stands as an objection to the theory of Fletcher that stuttering, or 
the morbid traits of personality of which it is thé symptom, is related, 
not to the social situation as such, but to the social situation in which 
speech is demanded. 

It is in keeping with these quantitative resulte that our records 
should for the most part fail to show, except in the experiments on 
breathing, anything approaching the gross distortions, blockings, hap- 
hazard retardations and accelerations, and extreme moment to moment 
fluctuations in amplitude, which seemed in Blackburn’s experiments to 
be indicative of striking qualitative differences in performance. In so far 
as he found these in the movements of the lips and jaws, they were prob- 
ably the results of difficulty in manipulating the rubber bulbs which he 
employed rather than of real differences in the performances of the sub- 
jects. In the tracings obtained in the present experiments, with the 
exception of those on breathing, the only superficial distinguishing 
features of most of the records were of the nature of what might be calléd 
‘signature differences.’ At an early stage in the different tests the sub- 
jects tended to standardize not only the speed, but also the characteristic 
form of the movements, so that the tracings of one subject were as dis- 
tinct from those of the others as a sample of his handwriting would have 
been, and that at least in part as a result of the same underlying tempera- 
mental factors as are responsible for the differences in script. These 
idiosyncrasies of performance were most clearly distinguishable in the 
movements of the lips and were no less characteristic of the normal 
subjects than they were of the stutterers. The grosser variations in the 
breathing records of the stuttering subjects are not sufficiently constant 
for the different individuals to warrant any attempt to classify them into 
distinct types. 

Some typical records are reproduced which illustrate the foregoing 
discussion. In every case the time is recorded in half-seconds. In the 
breathing records the lower curve represents the movements of the 
diaphragm, the higher one the movements of the musculature of the 
upper chest. In the records of the lip-movements the tracing from the 
upper lip always appears below that of the lower. Fig. VI is a record of 
the breathing of the most regular of the normal subjects, characterized 
by well-nigh perfect rhythm and perfect synchronization of the two 
tracings. Following it are two similar records by stuttering subjects. 

25-2 
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The first of these (Fig. VIT) is distinguished by the large wave which super- 
venes in the movements of the upper chest, independently of the rhythm 

` of the voluntary panting and bearing no relation to the abdominal move- 
ments, The second record by a stutterer (Fig. VIII) exhibits very clearly, 
like several other tracings by the same subject, an apparently hysterical 
manifestation which had recently become a prominent feature of this 
girl's attempts to speak. At а point rather more than half-way through 
the record there appears a temporary block during which for two full 
seconds no respiratory movement whatever occurs. According to the 
report of the subject herself, the stoppage was accompanied by the same 
distressing sensation of choking which from time to time seemed to check 
her utterance altogether. Fig. IX shows a characteristic record of the lip- 
movements of one of the more irregular of the stuttering subjects in this 
type of performance. At no point in the tracing is there any indication 
that control has been established or constancy of speed attained. The 
amplitude of the movements varies quite irregularly, and the opening or 
closure of the lips is interrupted or momentarily reversed and then con- 
tinued to the complete destruction of the rhythm. This record may be 
contrasted with the corresponding one (Fig. X) by a normal subject, 
which is distinguished by its regularity, both in the speed and extent of 
the movements, and by the well-defined form of the recurrent movements, 
especially of the upper lip. 


IV. Summary. 


In the series of experiments described above the question at issue 
was that of the relative efficiency of stutterers and normal speakers in 
voluntary control of the mechanism of speech in situations in which 
speech itself was not required. 

The results of the experiments on respiratory control indicate that 
the stuttering speakers are markedly inferior to the normals in their 
ability to maintain voluntarily the rhythm or regularity of the perform- 
ance. The measures of regularity for the two groups of subjects in this 
type of performance showed a difference which was more than eight 
times its probable error. This result affords striking confirmation of the 
findings of Blackburn from experiments of a similar kind. 

In voluntary control of the lips and jaws, although the stutterers are 
once more inferior to the normal subjects, the differences between the 
groups are not to be considered significant. | 

These results when taken together appear to imdicate: (1) that 
although the ordinary rest-breathing of the stutterer may show no 
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abnormality, there may well be a specific deficiency in his respiratory 
control; and (2) that respiratory disturbance in the stuttering subject is 
not confined to or induced by those social situations in which communi- 
cation by speech is demanded of the sufferer. It was present under the 
conditions of these experiments in which speech was explicitly eliminated, 
and the social stimulus reduced to a mmimum. 
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I. INTRODUCTION. 


Ix the very nature of the case, in psychological work such as the 
determination of reaction times, etc., the magnitude of the value given 
by any one observation may be considerably influenced by transitory 
and ‘accidental’ subjective states having no essential relation to the 
particular psychological characteristic under observation. To overcome 
this difficulty, a large number of observations is usually made, and the 
arithmetical mean of these observations is taken to bear some definite 
relation to the degree or intensity with which the characteristic in question 
exists in the person concerned. 

In the case of reaction times, discrimination times, etc., this necessity 
for multiplied observations calls for an easily and quickly operated direct- 
reading chronoscope. The task of measuring large numbers of graphical 
or photographical records is a particularly heart-breaking one. Probably 
all experimenters who have ever worked with a smoked-paper drum 
chronograph or similar device have registered a resolve never to do so 
again if it can possibly be avoided. ° | 

The Wheatstone-Hipp chronoscope is a direct-reading instrument 
which has been in use in psychological laboratories for many years now. 
In many ways it is a highly satisfactory piece of apparatus, giving sur- 
prisingly accurate results when operated intelligently and carefully. In 
the older models, the use of pull-off springs to disengage the clutch when 
the reaction current was broken constituted a source of error and called 
for very careful adjustment and control in order to avoid inaccuracy. 
This difficulty was later overcome by the use of a polarized armature 
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operated by the current induced momentarily in а secondary coil by 
making and breaking (or by breaking and making) the current in & 
primary coil within it. Pull-off springs thus became unnecessary, and 
both starting and stopping were effected electrically under approximately 
similar conditions (1). 

Even in its improved form, however, the use of the Hipp instrument 
entails difficulties and inconveniences which are often sufficient to deter 
experimenters from its employment in cases where the measurement of 
reaction times is not an essential part of the investigation concerned, but 
only a useful additional control. Among the difficulties referred to is the 
necessity for frequent winding-up of the chronoscope. Not only does this 
involve loss of time and irritating interruptions to the work in hand, but, 
what is niore important, it tends to induce an undesirable element of 
hurry on the part of the operator, who will naturally try to complete as 
many reaction determinations as possible for one winding of the instru- 
ment. Alternatively, in order to economize winding-up, the going train 
of the chronoscope may be started and stopped for each determination. 
This is an added complication, éntails undue wear and tear of the instru- 
ment, and induces an undesirable tone of tension in-the subject under 
test. The new ‘Amerika’ chronoscope supplied by Messrs C. H. Stoelting 
of Chicago is a Hipp chronoscope operated’ by a spring instead of.the 
usual weights. Jt is claimed by the manufacturers that this permits the 
construction of a more compact and easily handled model. The particulars 
of the instrument which I have been able to obtain do not state whether 

_ the spring-drive provides a longer running period than the weight-drive. 
Further, the Hipp chronoscope, with its high-speed vibrating lamina 
escapement, produces a peculiar and irritating thin screaming tone. This 
noise is the more irritating and disturbing in that the necessity for constant 
rewinding makes it intermittent, and thus constantly forces it on the 
attention.. Moreover, the main dial of the Hipp instrument is very small, 
and is not easy to read quickly even after considerable practice. A larger 
dial would, of course, entail the use of a longer indicator needle, and since 
the moment of inertia increases as the square of the length, the shock of 
the clutch engagement would disturb the constant speed of the going 
train unless the power were duly increased by employing larger weights, 
etc. There is an additional difficulty in the fact that the Hipp instrument 
does not provide for the resetting of the needle to zero; two separate 
readings are thus required for each determination. 

With a view to overcoming some of these difficulties, and at the same 
time avaid the expense involved in the purchase of a Hipp chrono- 
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scope, the writer in 1926 constructed a phonic chronoscope, utilizing for 
this purpose a simple form of Rayleigh wheel then in his possession. A 
clutch of the Wheatstone-Hipp £ype, with stator and rotor crown-wheel, 
was employed in this model. Further. study of the problems involved, 
and continued experimental work, resulted in the production by Messrs 
H. Tinsley of South Norwood, according to my design, of the ‘Heythrop’ 
Mark 111 Phonic Chronoscopet. The tests to which this and a subsequent 
Mark IV model were subjected, showed that the design was basically 
sound, but that considerable modifications were called for before the 
instrument could be considered 8 really practical proposition. I am in- 
debted for a valuable suggestion to the Rev. M. Trassaert, S.J., Professor 
of Technology at the University of Tien-tsin, without whose assistance.in 
the laborious work of testing I could scarcely have hoped to succeed: The 
many improvements which suggested themselves have been embodied 
in the new Mark V model which it is the purpose of this article to 
describe. 

Before proceeding with this description it will be well to place on 
record the fact that the ‘Heythrop’ instrument is neither the only phonic 
chronoscope nor even the first to be produced. In 1917 Prof. Knight 
Dunlap published a description of a phonic chronoscope designed by him 
in the laboratories of the Johns Hopkins University in Baltimore 6, 6). 
Many models of this instrument have since been produced, and I am 
informed that they are giving very satisfactory service in various Ameri- 
can and European laboratories. Although I first became aware of the 
existence of this instrument in the course of a discussion at the Copen- 
hagen Congress in August 1932, yet it has several points of resemblance 
to the ‘Heythrop’ instrument. However, the special form of clutch 
mechanism employed in the ‘Heythrop’ chronoscope, the use of balanced 
armature coils, the fact that no relays are necessary, and the very wide 
range of adaptability to various forms of reaction circuits, constitute 
essential differences which justify the publication of this description. 

In 1924 Dr A. B. Wood and Mt J. M. Ford published à description of а 
phonic chronoscope designed by them for sound-ranging purposes during 
the Ware, 4). This instrument was friction driven, a small wheel on the 
indicator spindle bearing against the rim of the heavy fly-wheel of a 
phonic motor. When the current was interrupted, pull-off springs brought 
this small wheel to bear against a stationary pad, by which it was brought 


1 The new instrument owes its name to the fact that the bulk of the experimental and 
testing work was carried out in the laboratories of Heythrop College, Chipping Norton, 
Oxon. з ` 
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to rest. One model of the instrument was produced with three dials, so 
that time intervals could be determined very rapidly, one after the other. 
In the paper referred to, the authors claim a degree of accuracy consider- 
ably in excess of that nsually required for psychological work. 

For the sake of completeness, and for the information of those who 
wish far a cheaper form of chronoscope, mention should be made of the 
possibility of employing a ballistic galvanometer as a time measurer. In 
such an instrument the deflection is proportional to the time during 
which a current of constant pressure is applied to its terminals. Such a 
device has, I understand, been used to standardize the operating-times 
of the selector relays used in automatic telephone work; its application 
to psychological purposes is described in an article in the Journal of 
Experimental Psychology of 1917. Prof. R. Pauli, of the University of 
Munich, has recently designed a very compact form of combined tachisto- 
scope and chronoscope, for use as a universal instrument in the deter- 
mination of reaction and discrimination times employing either visual 
or auditory stimuli, and operating with either a motor reaction or a 
spoken reaction. This ingenious piece of apparatus, whose principal 
advantages are simplicity, low cost and extreme ease of operation, 
employs a stop-watch beating forty times a second. For more exact 
work the apparatus may be fitted with a new and very accurate form of 
stop-watch which beats 100 times & second. 


П. DESCRIPTION oF THE ‘ HEYTHROP’ CHRONOSOOPE. 


The ‘Heythrop’ Mark V Chronoscope consists essentially of a con- 
stant speed electro-motor, to which & pointer or indicator needle may be 
coupled and uncoupled by means of an electro-magnetic clutch of novel 
design. This clutch arrangement consists of a stator, a rotor and a shuttle- 
armature, together with their respective windings. Stator and rotor are 
cylinders of soft Swedish iron, with their inner ends machined to a female 
taper of 45°. They lie in line with each other, and between them lies the 
shuttle-armature which is also a short cylinder of Swedish iron, with both 
its ends machined to a male taper of 45°; 4.e. it is a cylinder with a right- 
angled cone at each end. The rotor is drilled longitudinally to take a thin 
spindle of non-magnetic steel, on the inner end of which the shuttle- 
armature is fixed, and the outer end of which carries the dial indicator 
needle. This spindle is carried right through the shuttle-armature, and 
projects a short distance from its rotor end, to fit in a bearing drilled in 
the centre of the taper recess in the rotor. The spindle serves the double 
purpose of transmitting the drive from the shuttle-armature to the in- 
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dicator needle, and of locating the shuttle accurately in line with stator 
and rotor, in such a way that it is free to slide longitudinally, and be 
either driven by the rotor, or held fast by the stator. 

The stator and rotor lie at the centre of bronze bobbins which form 
bearings in which they revolve (the stator can be revolved for resetting 
purposes), and which carry the stator and rotor windings. These windings 
are permanently in circuit when the chronoscope is in use, and are con- 
nected up in opposed senses, so that the inner ends of both stator and 
rotor exhibit a north polarity. The shuttle-armature is surrounded by 
(but not touched by) 8 bakelite bobbin on which three wires have been 
wound together, in such & manner.that there are three separate windings 
of equal length, resistance, number of turns and mean distance from the 




















Fig. 1. Wiring diagram. 


armature core. The resistance of each of these windings is 50 ohms. One 
of these windings is usually permanently in circuit, when the instrument 
is in use; it has a resistance of 60 ohms in series with it, and is connected 
up in such a way that the stator end of the shuttle-armature has south 
polarity. Thus when this coil alone is in circuit, the shuttle-armature is 
held fast against the taper face of the stator. The remaining two shuttle- 
coils are not permanently in circuit, but may be switched in and out by 
the stopping and starting keys. They are connected in opposed senses, 
so that when both are in circuit they neutralize each other and produce 
no magnetic effect whatever. In Fig. 1 these three coils are marked 
Sp Sa and Ra. S, produces a field which causes the shuttle to be attracted 
to the stator dnd repelled from the rotor; S, produces a similar field but 
of exactly double the strength of S,, since it has no resistance included 
in its circuit; R, produces a field exactly opposed to S,, causing the shuttle 
to be attracted to the rotor and repelled from the stator. 
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Operation by two successive breaks. To make the working of the instru- 
ment clear, it will be sufficient to describe the sequence of events when 
the chronoscope is operated on two successive breaks of circuit. We start: 
with all coils in circuit: S, and R, neutralize each other and so can be 
neglected for the moment. S, causes the shuttle to be held fast against 
the stator and to be repelled by the rotor. To start the indicator needle, 
it is sufficient to break the circuit of S,. S,is still in circuit, and continues 
to produce a field which tends to cause the shuttle to be attracted to the 
stator. But Л, is producing an opposed field of exactly double the strength 
of S,. The resultant field is thus the exact reverse of that produced by S, 
alone. In other words, when coil S, is broken, the magnetism of the 
shuttle-armature is instantly reversed, it is attracted by the rotor and 
repelled by the stator, it therefore flies over to the rotor and is driven by 
it. To stop the indicator needle, coil R, is broken out of circuit, and coil 
& is thus left to act by itself, which was exactly the condition of things 
when the needle was at rest before the instrument was started. The 
magnetism of the shuttle is thus once more instantly reversed, it flies 
over to the stator once more and the needle comes instantly to rest. 

It is especially to be noticed that the mechanical, electrical and 
magnetic conditions at stopping are exactly similar to those existing at 
starting. In this way the inevitable lag at starting is exactly compen- 
sated by a lag of similar duration at stopping. In any case, the lag is very 
short, since the free path of the shuttle-armature is only about 44 of a 
millimetre, and the magnetic fields are very strong—the armature there- 
fore moves with a very ‘snappy’ action. This compensating effect, which 
is в most important feature of the instrument, is obviously quite inde- 
pendent of the current strength passing through the coils; if the current 
strength were unduly weak, the starting lag would be unusually long, 
but the stopping lag would be longer by a precisely similar amount. 
Inaceuracy on this score could only arise in the almost impossible case 
of a considerable change of current taking place in the interval between 
the beginning and end of a reaction time. 

Operation by two successive ‘makes.’ To time the interval between two ' 
‘makes,’ the sequence of operations described above is exactly reversed. 
We start with the needle at rest, with only coil 8, in circuit. Closing the 
circuit of coil R, causes the needle to start; closing the circuit of coil 8, 
causes it to stop once more. ` 

Operation by make-and-break. Starting with only coil S, in circuit, 
when the circuit of coil R, is closed the chronoscope will start; when this 
circuit is broken once again, the instrument will stop. 
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Operation by break-and-make. Starting with all three shuttle-coils in 
circuit and the needle at rest, the instrument may be started and stopped 
by breaking and closing respectively the circuit of coil Sq. 

Another method of make-break and break-make operation. The resistance 
in series with coil S, is short-circuited, so that this coil now takes the 
same amount of current as the other two shuttle-coils. The polarity of 
coil 8, is changed by reversing its connections, and it is now plugged in 
in parallel with coil R}, so that both these coils are put in and out of cir- 
cuit by the same switch. When all three coils are in circuit according to 
the arrangement described, the needle will rotate; when coil R, and the 
now reversed S, are cut out of circuit, the needle will stop, thus operation 
by either break-make or make-break is easy. An advantage of this 
method is that by short-circuiting the resistance normally in circuit with 
coil S,, the ampere-turns of the shuttle-coil are doubled and the magnetic 
attraction is doubled accordingly. This added strength may be used by 
way of securing greater accuracy, or the normal strength may be used, 
enabling the current consumed in this circuit arrangement to be cut down 
by one-half. It should be noted that this arrangement cannot be used 
to measure the interval between two successive breaks or two successive 
makes. 

Timing the interval between two breaks or two makes of very short 
duration. In this arrangement, coil S, is cut entirely out of circuit, and 
the instrument operated by means of the remaining two coils, which are 
in this case connected up in opposed senses, so as to furnish polarity of 
opposite sign. When both these coils are in circuit, the shuttle is, equiva- 
lently, merely a non-magnetized soft-iron armature, and it will be held 
fast by either the stator or the rotor, according to the position it occupied 
relative to the stator and rotor when the current was first switched on, 
and the stator and rotor coils first energized. Let us take the case in 
which, coils S, and R, being both in circuit, the shuttle-armature is held 
at rest against the stator. If the circuit of coil S, is now momentarily 
interrupted, the shuttle-armature will fly over to the rotor and be driven 
by it. When this momentary interruption of current comes to an end, and 
coil S, comes into circuit again, this has no effect whatever on the position 
of the shuttle-armature, which continues to be driven by the rotor. A 
momentary interruption of the circuit of coil R, will, however, cause the 
shuttle to fly back to the stator, and come to rest. Similarly, let it be 
imagined that the shuttle is held stationary against the stator, and that 
all the shuttle-coils are out of circuit. In these circumstances, a moment- 
ary completion of the circuit of coil R, will start the instrament, and a 
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momentary completion of the circuit of coil S, will stop it again. It is 
scarcely necessary to point out how useful such an arrangement may be 
for psychological reaction purposes. 

Operation by break-make or make-break of very short duration. Let it 
be imagined that the shuttle is held against the stator, that coils S, and 
R, are both in circuit, and that coil S, is out of circuit but has its series 
resistance short-circuited. A momentary break of S, will start the 
chronoscope and a momentary make of 8, will stop it again. Similarly, 
if coils 5, and R, are both in circuit, and S,, with its series resistance 
short-circuited and its polarity reversed, is out of circuit, a momentary 
make of S, will start the instrument, and a momentary break of S, will 
stop it. It is important to notice that in all four methods of operation 
with ‘snap’ contacts just described, the time interval to be measured 
must exceed the duration of the first momentary break or make which 
starts the chronoscope. The stopping make or break may, however, be 
of any duration. Several other methods of operation are made possible 
by making or breaking the circuit of the stator and rotor windings. 

Special attention is drawn to the fact that whenever the shuttle- 
armature changes from rotor to stator, it is not only attracted by the 
stator, but also repelled by the rotor. The same thing takes place mutatis 
mutandis when. the shuttle goes from stator to rotor. This feature, to- 
gether with the copper plating on the shuttle-armature referred-to in the 
next section, entirely obviates any tendency for the shuttle to stick 
magnetically to the stator, with which it is momentarily in contact before 
moving over to the rotor; and vice versa. 


III. MEOHANIOAL CONSTRUCTION AND DETAILS OF THE INSTRUMENT. 


The spindle runs in three bearings, one at each end of the stator, and 
one at the recessed end of the rotor. The arrangement is shown in Fig. 2. 
It is essential for precision work that the spindle be dead straight, and 
that the three bearings lie accurately in line. This ensures that the taper 
faces of rotor, ‘stator and shuttle-armature come into contact over the 
whole of their area. Moreover, if one of the three spindle bearings is out 
of line, even by a very small amount, the spindle will not run freely, and 
the consequent friction will cause a considerable rise in the mean variation 
of the readings. 

Accurate lining-up of stator and rotor has been secured by simple but 
robust construction. All the essential component parts of the instrument 
are solids of rotation, which can easily be produced on a lathe to the re- 
quired degree of accuracy. The body of the chronoscope consists of a 
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strong tube cast from bronze, with its internal diameter accurately 
machined to size. Into the ends of this tube fit the bronze bobbins for 
the stator and rotor windings, the outer cheek of each bobbin being 
formed into a flange which is bolted to a similar flange formed at each 
end of the body-tube. The centres of these bronze bobbins are accurately 
bored to form bearings for the stator and rotor, which are thus located 
with their centre axes lying exactly along the centre axis of the body- 
cylinder. The body-cylinder has a slit extending almost throughout its 
length, but limited by the flanges at each end. This slit facilitates the 
insertion and withdrawal of the bobbin wire connections, when assembling 
or stripping the instrument. The shuttle bobbin, which fits between the 
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Fig. 2. Section, showing construction. 


two bronze bobbins, is made of bakelite, thus avoiding eddy-current 
effects. Its outside diameter is a close sliding fit in the body-cylinder. Its 
inside diameter is machined out to such a size that it is clear of the shuttle- 
armature, which it surrounds, by about $ mm. This bobbin is held in 
position by four screws in the body-cylinder. The ends of'these screws are 
cut to a taper, so that the bobbin may be moved longitudinally about 
2mm. each side of its mid-point—a simple but effective arrangement. 
The taper faces of the shuttle are plated with copper; it is found that this 
enables the current for efficient action to be cut down considerably. 

By means of a knurled hand-knob at the back of the dial the stator 
can be rotated. This was ofiginally designed to provide a means of re- 
setting the indicator needle to zero. In practice, however, this knob is 
used merely as a means of finding the position in which the two spindle- 
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bearings of the stator are most exactly in line with the spindle-bearing in 
the rotor. When this position has been found, the stator is not thereafter 
disturbed, since any alteration of its radial position might involve altering 
the mean variation of the readings. 

The indicator needle is formed from a thin lamina of sheet aluminium ; 
this is rendered rigid by a rib pressed along its entire length. The spindle 
is carried right through the small boss to which the needle is attached, 
and projects through а small hole cut in the centre of the glass plate 
which covers the dial. It is provided with a small knurled knob, by which 
it is easy to reset the needle to zero with an accuracy of 0-1 sigma. This 
resetting arrangement is very simple, and it is found to be much more 
convenient and easily operated than the stator-shifting arrangement 
originally designed. Of course, while the needle is being reset, the current 
is cut off from the chronoscope windings; this is most conveniently 
effected by an ordinary telegraph key, or any similar form `of spring- 
return switch. 

Just behind the needle-boss, on the spindle, is a small pinion, which 
drives a train of pinions operating the five sub-dials which register tenths, 
units, tens, hundreds and thousands of seconds respectively. The instru- 
ment will thus record up to 9999 sec. before the sub-dials begin to repeat 
their former registration. The main indicator needle can be read directly 
to 0-001 sec.; and since 0-001 sec. corresponds to а distance of 2 mm. on 
the circular scale of the main dial, it is easy to read to within 0-0001 sec., 
by estimation of the last figure. For psychological work, however, such 
extreme accuracy is seldom, if ever, necessary. 

The gap between the shuttle-armature and the stator or rotor re- 
spectively is about 0-25 mm. It may be altered by moving the rotor bobbin 
nearer to, or farther from, the stator. Various more or less complicated 
contrivances have been tried for this purpose, but, in view of the accurate 
lining-up required between rotor and stator, none has proved entirely 
satisfactory. On the instrument in the writer’s possession, this adjust- 
ment is effected by the insertion or withdrawal of thin copper-foil shims 

- between the flange at the outer end of the rotor bobbin and the flange 
at the rotor end of the body-cylinder. By this simple arrangement, the 
rigidity of the whole apparatus is safeguarded and the gap may be ad- 
justed without disturbing the alignment of the rotor. In practice, when 
the best working gap has been found, further adjustment is not nécessary. 

In order to avoid undue wear of the roto?-bearing, the drive from the 
phonic motor is taken to the rotor through a simple form of flexible 


coupling. 
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The three shuttle-armature coils and the stator and rotor coils are 
connected to five pairs of terminals on an ebonite plate fitted to the base 
of the instrument. This makes it easy to rig up any of the various circuits 
described in the last section. A sixth pair of terminals is added, to enable 
the resistance in series with coil S, to be short-circuited when required. 
The writer uses a simple arrangement of plug-in terminals, by which any 
of the above-mentioned circuit arrangements can be fixed up in a few 
seconds. 

The rotor and stator coils each have a resistance of 12 ohms, Each 
of the three shuttle-coils has a resistance of 50 ohms. The stator and rotor 
coils are conneoted in series with each other, the magnetie field thus pro- 
vided being amply strong enough for satisfactory operation. Thus, using 
& pressure of 12 volts, the maximum current taken by the chronoscope 
with all five coils in circuit, and the resistance of 8, short-circuited, is 
1:22 amperes. 

The 50 ohms resistance in series with coil S,, and а condenser con- 
nected across the motor contacte of the tuning-fork, are fixed out of the 
way in the base of the chronoscope. 


IV. THE PHONIO MOTOR AND THE ELECTRIO TUNING-FORK. 


The motor used to drive the chronoscope is one of the well-known 
‘Ironclad’ type, manufactured by Messrs H. Tinsley and Co., of South 
Norwood, 8.Е. This is a development of the phonic wheel invented by 
Lord Rayleigh, and has been designed in such a way as to give consider- 
ably more power than is usually developed by such phonic motorsQ). It 
is fitted with a fairly heavy fly-wheel, designed to reduce ‘hunting,’ a 
tendency which all phonic motors have to fall into a regular oscillation 
between a speed a little higher, and a speed a little lower, than the mean 
radial velocity. The ‘angle of hunt,’ i.e. the angle of oscillation about the 
mean radial velocity, cannot exceed 360/N degrees, where N is the number 
of segments in the armature of the phonic motor. Theoretically, this 
‘hunting’ disappears when the motor is supplied with exactly sufficient 
current to overcome its friction of rotation. Practically, such perfection 
is never attained, but by means of a small adjustable rheostat in the 
motor circuit the current may easily be adjusted so that the ‘angle of 
hunt’ becomes so small as to be negligible. The heavy fly-wheel makes 
considerable latitude in the motor current possible without impairing 
accuracy. The writer has run phonic motors of this description for many 
hours together on chronoscopical work, and has never experienced the 
slightest difficulty with them. 
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The motor can be run, not only on direct current interrupted by an 
electrically maintained tuning-fork, but also on alternating current of 
suitable frequency, stepped down to 12 volts by means of a small trans- 
former. The frequency of many sources of public supply is nowadays so 
constant as to be quite sufficiently acourate for many psychological 
purposes. Even where it is desirable to employ the more trustworthy 
tuning-fork, А.С. operation is convenient for demonstration purposes 
and for preliminary testing work when setting up reaction oircuits!, 

The electrically maintained tuning-fork employed is manufactured 
by Messrs Tinsley. This type of fork was evolved 
during the War by Dr À. B. Wood and Mr J. M. 
Ford for use with precision sound-ranging ap- 
paratus. It is an extremely satisfactory instru- 
ment and embodies several features which are 
the outcome of lengthy and painstaking research 
on the part of its designers. By means of heavy 
adjustable weights of special design at their 
ends, the two prongs are balanced very exactly 
with each other. In accordance with the principle 
' of resonance, the fork thus vibrates with a 
good amplitude on & very small maintaining 
currente, 4). Two pairs of contacts are fitted, Fig.3. Switching 

; m ment for auto-control. 

one on each prong; one for the maintaining 

circuit and the other for the motor circuit. The contacts them- 
selves, which are made of tungsten, are of robust proportions, and 
the stationary contact of each pair is fixed in a non-rebound adjustable 
spring arrangement of very simple but highly satisfactory design. By 
means of a suitable condenser across the motor contacts of the fork, 
sparking is eliminated, and fork and motor will run for hours together 
without the slightest attention being called for. The fork is mounted 
horizontally on a massive cast-iron base, and the whole is enclosed in a 
glass-topped wooden case, so that the noise is quite small and quite un- 
disturbing. Actually the fork in action gives a faint low note of rather 
pleasing tone; it can of course be placed in another room, if desired. 

In the instrument in the writer's possession, the motor armature has 
ten sectors, and the fork has a frequency of 50 double swings per second. 
The motor, and therefore the chronoscope which is directly coupled to it, 
revolves accordingly at 300 в.р.м. or one revolution in one-fifth of a 





1 Many electric supply mains are now time-controlled, and can thus be employed to 
work the synohronous motor. Note by A. F. Rawdon Smith. 


J. Leycester King 401 


second. The diameter of the chronoscope main dial is 19-7 cm., and a 
distance of 2 mm. thus corresponds to a time interval of 1 sigma, giving 
an open scale easy and pleasant to read. 


V. CERTAIN FURTHER USES FOR THE PHONIO MOTOR. 


By means of a small pulley fitted to the motor shaft, it is possible to 
drive kymographs and other similar instruments at a known constant 
speed. In such cases it is often possible to dispense with the usual time 
marker and to measure curves against coordinates drawn on the drum 
paper. 

At an early opportunity it is the writer’s intention to have a skew 
reduction-gear fitted to the phonic motor shaft, so as to drive a cross- 
shaft carrying a dise of about 10 cm. in diameter. The reduction ratio 
will be 1 in Б, so that the cross-shaft will run at 60 в.р.м. On the face 
of the disc will be fitted several concentric rows of pegs designed to strike 
a small electric contact and thus furnish reliable time signals for kymo- 
graph markers and for other psychological purposes, such as time-interval 
discrimination, etc. The advantages of this arrangement over such an 
instrument as a metronome with mercury contacts, or a clockwork-driven 
time apparatus, are obvious. ` 

Further, the rim of the disc will have a notch cut in it over a 
sector of about 18°. A circuit going through a light spring contact 
bearing on the rim of the dise will thus be interrupted with great accuracy 
every second. By means of the simple switching arrangement shown in 
Fig. 3, this contact device can be included first in the starting circuit of 
the chronoscope and then in the stopping circuit. The interval of 0-95 sec. 
during which the contact is closed provides ample time for the change- 
over switches to be operated. By this means the accuracy of the chrono- 
scope may be controlled without having recourse to a fall-hammer, 
contact pendulum or similar device. If the instrument is registering 
accurately, the indicator needle should stop exactly where it started. 
‚Тыв method of control was used successfully by the writer on a former 
model of the chronoscope (the ‘Heythrop’ Mark IV), and a similar method 
was adopted by Wood and Ford with their friction-drive chronoscope @). 
If the instrument passes this test successfully, only one possible source 
of error remains, namely, that the frequency of the fork is inaccurate, 
and that the motor is consequently revolving too fast or too slowly. 
This however may be tested with very great accuracy by running the 
chronoscope for 5 or 10 minutes against a standard clock or wireless 
time-signals. i ' 
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THE BATTLE BETWEEN ‘INTUITIONISTS’ 
AND 'PSYCHOMETRISTS. 


By C. SPEARMAN. 


Ат the present day, as is well known, psychology is suffering to an extra- 
ordinary degree from dissensions between its several schools. Among 
these dissensions, especially clear-cut and important is the conflict 
between two general methods of studying personality. They have been 
called, misleadingly enough, ‘intuitionist’ and ‘psychometric.’ The 
former relies on more or less direct apprehension of the facts; whereas 
the latter introduces much statistical elaboration. 

The intuitive method has been widely attributed to the psychologists 
of Germany. Really, it has been dominant at all times and in almost all 
countries. But in Germany, no doubt, it has gained a privileged position, 
on account of having allied itself with the doctrine (or doctrines) of 
Gestalt which there prevails. Fortified by this alliance, the intuitionists 
in that country, if ever they consider the psychometric method at all, 
undoubtedly do so with exceptional hostility. The present writer has had 
special opportunities for observing this adverse attitude, since he has 
during the last two or three years been taking part in a very extensive 
attempt at international co-operation. 

The method called (mostly by its enemies) ‘psychometric’ has been 
principally developed in the English-speaking countries. As already 
indicated, it does not attempt to abandon any of the direct ways of ascer- 
taining facts, but does claim to supplement these. Moreover, in its more 
thoughtful versions, at any rate, it adopts a fundamental policy, which 
it takes to be that of all empirical science. This policy dims at the power 

‚ of prediction and, for this purpose, at ascertaining what goes with what. 
Tn consequence of this policy it is that psychometrists have been devising 
such things as the coefficients of correlation which have been so ill 
received by the opposing schools. 

Now the present article proposes to deal solely—and very briefly— 
with this unfavourable reception of such statistical devices; it seeks to 
outline the chief arguments on which the disfavour has been based, and 
to consider how far these arguments are valid. 
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In citing these, use will be made of the recent interesting exposition 
of them by P. E. Vernon. He writes: 


Take for example, the responses to Rorschach’s inkblot test, which are determined 

by the colours of the blots. The author of the tast claims that these responses represent 
impulsiveness and highly toned affectivity in the subject. In order to validate this 
claim, the psychometrist would obtain the тоба] colour scores of a.large group of 
subjects and correlate them with other criteria (e.g. ratings) of impulsiveness, and 
would very likely find a negligible or even a negative coefficient. But this result would not 
disconcert the proponents of the test... .Impulsiveness is not, for the German experi- 
menter, a uni-dimensional and isolated trait, nor & quantitatively definable set of 
habite of behaviour. It is a quality of reaction which is dependent on and modified 
by the partioular individual’s special type of intelligence, by his interests and values, 
and by his fundamental affective attitude or biotype. The correlation would therefore 
be accepted as low, not because the colour answers have poor diagnostic validity, but 
because each subject’s affectivity is unique, and can only be understood in the light 
of the total form-quality of his make-up(1). 
In the words italicized (by the presens writer) lies the crux of the pre- 
ceding quotation. The intuitionists themselves in general make no refer- 
ence to such a possibility of “a negligible or even'a negative coefficient 
[of correlation]." We are left in uncertainty as to whether they have ever 
thought of such a coefficient occurring, or have repudiated its validity 
even should it occur. But Vernon, trying to do justice to their case, speaks 
out for the repudiation; such a coefficient, he says, would in their eyes 
not be disconcerting. Nor does he falter even when such recalcitrant co- 
efficients are the products of his own experimentation and calculation. 
For he remains, it would appear, still satisfied with this inkblot test 
when all the correlations which had been asserted of it by Rorschach are 
found by himself to be really “utterly irregular and statistically in- 
significant” (2). 

On what grounds is it, then, that he so unexpectedly takes the adverse 
evidence of the correlations to be invalid? Tt is first and foremost, appar- 
ently, because he regards them as being only ‘uni-dimensional.’ Else- 
where, similarly, statistics are said to have been “developed mainly for 
‘the purpose of dealing with uni-dimensional variables.” And just here. 
would seem to come into play the doctrine of ‘Gestalt,’ or Neo-formalism, 
or perhaps best, *Wholism.' The correlational coefficients are taken to be 
incompetent to deal with the structure of the ‘whole’ or ‘total form- 
quality,’ since this involves not one but many dimensions. What the 
author means by these would appear, from his examples, to consist in 
such influences as ‘type of intelligence,’ ‘interests,’ and ‘affective 
attitude.’ 
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But at this point I would suggest that the intuitionists have by their 
dislike of correlations been deterred from studying them. In contra- 
diction to the preceding view, I would submit that correlational statistics 
have been expressly devised in order to deal with muli-dimensional 
variables and, furthermore, in order to distinguish these from and in- 
tegrate them with the uni-dimensional ones. This seems to me to be not 
only evident but fundamental already in the original work of Bravais. Ав 
much may be said of the great contribution of Udny Yule, which has 
dominated all theory and practice of correlations subsequently. For this 
_ work of his has brought correlations into a system of ‘orders’ which range 
- from those which are ‘total’ (i.e. deal with wholes) down to those which 
are more and more ‘partial.’ Or take the fine correlational studies initiated 
by Garnett. This work not only is still based on representing indefinitely 
numerous dimensions, but now goes so far as to represent these dimen- 
sions geometrically. 

Here in this matter of personality, then, we would appear to have a 
drastic example of the fundamental weakness of the Gestalt doctrinaires. 
They use the terms ‘Gestalt, ‘Ganz,’ ‘Total’ and ‘Whole’ as a sort of taboo 
on further enquiry and analysis. Whereas, as it seems to the present writer, 
wholes can no more be studied efficiently without references to parts, than 
parts without wholes. The task of science, I suggest, is not to prefer either, 
but to integrate the two. In comparison with this fundamental mis- 
understanding of psychometry by the intuitionists and most Gestaltists, 
little importance need be attached to the many minor ways in which they 
show themselves to have studied statistics inadequately. We will briefly 
cite a few examples. Thus, the traits with which correlations deal are 
taken to be necessarily of a quantitative nature, linearly correlated, and 
even normally distributed. Not one of these alleged limitations has any 
basis in fact, Again, we encounter ill-founded criticisms of the statistical 
use of large numbers. Here is one instance—“ mere frequency of occur- 
rence has never impressed him [the supposed German] as a criterion of 
truth (1).” This is indeed a surprising way of regarding the evidence that 
frequency of occurrence can and does afford. What a glimpse of estrange- 
ment from all such studies as those of induction, sampling and so forth! 
Still more naive would appear to be such statements as that traits may 
be “во subjective and equivocal that psychometric methods almost in- 
evitably blur, and therefore fail completely to confirm, whatever truth 
there may be in the German’s intuitive generalizations.” In point of fact, 
as soon as any individual trait whatever can be stated with any degree 
whatever of accuracy, or of probability, so soon does this trait become 
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amenable to statistical handling. This handling does not produee blur. 
Nor can it even be said to fail in treating this. On the contrary, it is only 
too successful. It shows up the blur! 

Among recent publications bearing conspicuously on our present topic 
is an elaborate and interesting attempt of Lewin to represent the calcu- 
lation of frequencies and averages as a method opposed to that of 
„establishing scientific laws). Of several fundamental points on which 
this article seems open to objection, salient here are the inadequate 
Statistics which alone are depicted by him and, apparently, alone are 
taken by him to be possible. In particular, he seems not to have noticed 
that the frequencies and averages, far from opposing the laws, should - 
be among the most potent tools towards establishing them. 

So far we have been obliged to defend the psychometric method 
against, some limitations which seem to have been charged against it 
ignorantly. But we hasten to concede that, on the other hand, it does 
commonly suffer from other limitations only too genuine. In the first 
place, there is а mischievous tendency to suppose that exaotitude of 
statistical handling can compensate for inexactitude or ineptitude of 
observation or of experiment; whereas neither statistics nor anything 
else can make a silk purse out of a sow’s ear. In particular, the very fact 
that statistics deal with multi-dimensional variables tempts investigators 
to dispense with the good experimentation that varies each influence 
separately. 

In the second place, statistical statements, since they are primarily 
concerned only with coexistence, have little value for us until we know 
(well enough for recognition at any rate) what thus coexists. This limita- 
tion, of course, affects even physical science, but not so grossly. In 
psychological statistics, the disproportion between the wealth of figures 
and the poverty of their meaning is often pitiable. 

In the third place, although the coexistence of the terms seems to be 
their sole interrelation that is absolutely indispensable for predictive 
purposes, still science if not killed is at least paralysed by the absence of 
knowledge (or hypothesis) of other relations; such as those of structure 
and of causation. And here statistics may indeed lead us into serious 
trouble. Suppose that X is correlated with Y. Does this prove that X 
causes Y, or that Y causes X, or that both are effects of one and the same 
cause, or what? In consequence of such doubts, statistical data may be 
woefully equivocal; they may admit of widely different interpretations. 

This brings us to the wise words of Udny Yule, who says that the 
main function of statistics is to verify conclusions reached already other- 
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wise. But most fallacious is the twist sometimes given to these words by 
taking them to mean that the statistics are superfluous. So far as this 
goes, psychology is only in the same boat as the other empirical sciences. 
Save for some mere happy accidents, all discoveries have been surmised 
beforehand. But out of countless surmises only a few have the good 
fortune to be verified. Many come, but few are chosen. This is the great 
ordeal of science. The trouble with the intuitionists is that by them this 
ordeal is shirked. ; 

But here again there is grave fault to be found also with many psycho- 
metrists. Bince, as we have seen, discoveries originate almost solely from 
verifying surmises, then what shall we say for the prodigious array of 
figures wherein foregoing surmises are conspicuous by their absence? 
Such researches are undertaken without any theory to verify; without 
any meaningful question to put to Nature; in short, without any ideas 
behind them, but only 8 hope of picking up these by chance. 

Thus the account is in a way balanced. The intuitionist tries to make 
ideas work without mathematics. The psychometrist, mathematics with- 
out ideas. When will both learn that two legs are better than either alone? 
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A GENETIC STUDY OF MOTIVATION UNDER 
CHANGING AUDITORY SITUATIONS!. 


By DOUGLAS FRYER. 
(New York University.) 


Statement of problem (pp. 408—10). 

The experimental conditions (pp. 410—11). 

The development of the conscious intent (pp. 412-16). 

Effect of a new inteni (pp. 416-18). 

The effect of the auditory situation (pp. 418-22). 

m Е influence of the auditory stimulation (pp 
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The incentive influence of the auditory stimulation (рр. 427-31). 
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Suggested conclustons (рр. 432—3). 


І. STATEMENT OF PROBLEM. 


One general conclusion oan be drawn from all experimental work upon 
motivation where auditory stimulation is used in the incentive situation : 
motivation effects are highly individual. It is therefore necessary to work 
with observers individually and over a fairly long period of time in order 
to understand the conditions of motivation and to secure а genetic picture 
of motivation in both its behaviour and conscious aspects. This was the 
plan of the experiment reported here, which was arranged to кажы, i 
possible, the following questions: 

‘What is the effect of changing an auditory pattern of pitches upon 
accomplishment in & psycho-motor repetitive task? What is the effect 
of the removal of a familiar pattern? What is the effect of changes m the 
timing of the auditory pattern? What is the relation of any changes in 
accomplishment which are found under these conditions to those resulting 
from a change in verbal instructions? What happens in awareness at the 


1 This investigation was performed in the Psychological Laboratory of the University 
of Cambridge during 1931-2. Acknowledgment ia made of the aasistance of K. Edwards, 
M. Dutton, R. Harbinson, and E. L. Trist, who were the observers in the investigation. 


snqeredde jo quouroSuexrrg jo ureigwrg ‘1 ‘311 








ATEOS [OM 72/ « (Tu Ё 
AU FLI JAIN ANTOHI NAI MOT p 
Tee LN 2/9202 ОМПОУ_ Т 








S109 SO 
LNAINFINGHYE SO МЕШ 


410 A Genetic Study of Motivation 


time of these objective changes and what-is the relation of any changes 
in awareness to accomplishment? How is the intent of the observers 
influenced by the objective changes? 


П. THE EXPERIMENTAL CONDITIONS. 


The development of motivation in four observers was studied over & 
period of ten days (for about two hours 8 day); the first two days con- 
sisted of work with the original auditory pattern and the following eight 
days with four changes in auditory stimulation. The original auditory 
pattern contained five bell tones (see F3g. 1 for arrangement of apparatus) 
of different pitches!, played in regular timing at the rate of 1-96 sec. per 
gong. The first change in the auditory stimulation was one of pitch re- 
lations, and consisted of reversing gongs 1 and 2 and gongs 4 and 5. The 
second change consisted of increasing the intervals between bells from 
1:96 sec. to 3-08 sec. per gong. The third change was continuous and was 
effected by playing gong 3 (round gong) at the rate of 36 times per minute 
by means of the metronome attachment (see Fig. 1), causing this bell to 
change relations with the other four which were being played as in the 
original pattern. The fourth change was a complete elimination of the 
auditory stimulation. 

The repetitive task for a daily observation consisted of four addition 
tests, each of 1200 problems, with totals of not more than nine. The tests 
were prepared to meet the conditions of the experiment. A test was timed ' 
in two parts of four minutes each, with a rest period of one minute be- 
tween parts, and a written report of conscious motivation followed the 
test?. The experiment was planned to relate any possible changes in 
accamplishment to the changes in stimulation and to have a close check 
upon the development of the intent at the same time. The observer’s 
repart usually consumed about two minutes and was directed by a set 
of written instructions asking for information of any conscious urges, 
hindrances, and, dominant awarenesses during the task. 

Work with the original auditory pattern was continued throughout 
the first two daily observations, until the observers were familiar with it. 
Experimental changes took place on the following days at the third test. 


1 The vibration frequencies reported in Fig. 1 are for the dominant tones of the bells, 
but numerous other tones, beats, and noises are present in commeroial bells such as 
these. 

* Speed Addition Test, published by the New York University Press Book Store. Copies 
in Department of Psychology, University of Cambridge, and New York University 
University Heights. 
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On the third day the pattern of pitches was changed and continued for 
the third and fourth tests. On the fourth day the observation began with 
this accompaniment and the change was back to the original pattern at 
the third test. On the fifth day the change in regular timing took place 
at the third test. On the sixth, the observation began with this accom- 
paniment and the change was back to the original accompaniment at the 
third test. On the seventh and eighth days the continuous change was 
likewise dealt with; and on the ninth and tenth days the elimination 
situation. 

The mstructions, which were read only at the first observation, 
directed the observer to “work as rapidly as possible. The time of each 
test was constant and known to the observer so that he might note his 
accomplishment in each test and self-rivalry be developed. But no 
knowledge of records of other workers was given. | 

The development of intent is traced by means of the observers' re- 
ports and related to the measures of accomplishment for each individual 
observer. The statement, made above, that motivation effects are highly 
individual, is borne out by the present results. Each of the four observers 
is different in his manner of following the instructions to ‘work as rapidly 
as possible’ in the situation presented to him. A measure of this motiva- 
tion is found in the changes in accomplishment of these observers. The 
descriptions of the intent indicate the point at which the auditory stimu- 
lation is affecting the individual. The results from these four observers 
would seem to illustrate what goes on in similar incentive situations with 
larger numbers of observers, where results are accepted as if all observers 
were working with the same motivation. 

The observers worked on a table about 5 ft. away from the auditory 
stimulation, which was behind a screen, and with their backs to it, in a 
room 12 ft. by 16 ft. The ringing of the large 4-inch gongs was increased 
in intensity by increasing the current (see Fig. 1) necessary to sound the 
bells?. Hence the stimulation was very insistent and there was a great 
deal of noise in the tonal complex. It is possible that tHe pitch change in 
stimulation of the third and fourth observations did not stand out in 
awareness because of this fact. It is also possible that there were ob- 
jective changes in the situation due to weakening of the hammer springs 
of the gongs, which had to be changed on occasions because of the extra 
demand upon them brought about by the increased current. | 


1 Six volts required, ten volts used. 
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ІП. THE DEVELOPMENT OF THE CONSCIOUS INTENT. 


It is found that the observers worked with different intents through- 
out the experiment, where forty reporte were secured. Observer A has 
the general intent to ‘carry-on’ and maintain previous established levels 
of performance; B soon develops the intent to work at a comfortable pace ; 
C develops the intent to reach the bottom of the page (in four minutes) 
by gradual daily increases; D also develops an intent to reach the bottom. 
of the page, but by means of all accessible incentives, of which the auditory 
changes are reported as the important ones. These four intents were 
developed out of the initial instructions to ‘work as rapidly as possible.’ 
There follows an abstracted statement of each observer's report as it 
concerns the development of a general intent to do the task under the 
conditions of the experiment. Special intents of short duration accom- 
panying changes in the auditory situation will be discussed later. 


Observer 4. General intent. In the very first test there is an urge “to overcome 
noise stimuli in the experiment.” In the second it is “to get to the bottom of the page 
before the signal to stop is given.” At the third the observer is not aware of any specific 
drive except “о get the task finished and to overcome obstacles. The beginning of the 
task is the source of the motive to complete it.” The “noise hinders work." Day- 
dreaming ja regarded as a hindrance. He says in the last test of this first observation: 
“The bells were a hindrance which I tried to overcome.” From this observer's report 
in the first observation it is evident that any increase in working effort due to the 
auditory stimulation is in shutting the latter out of awareness. 

This urge to shut out the noise accompaniment becomes more definite in the first 
test of the second observation, when it is said that the intent is “to overcome dis- 
traction and beat my previous performance.” The noise of the bells is spoken of as a 
hindering factor. Again, in the second test the urge is “to keep up performance to а 
high level.” The intent is stated in the third test as “trying to accomplish the task as 
rapidly аа possible, by excluding all hindering factors, such as the quality of the tone 
and intensity of individual bells, variations in timing, growing amount of fatigue and 
day-dreaming.” i 

In the early testa of the third observation this observer says that: “In general I 
am performing the task as quiokly and accurately as possible, and to do so T am en- 
deavouring to concentrate solely on the task in hand and to exclude everything else.” 
In this there is “a certain amount of conscious effort to overcome distractions,” of 
whioh the outstanding one is given as the auditory stimulation. The pattern of 
arrangement “seems to be s factor tending to obstruct the performance of the task.” 
Other distractions are given here as the “repetitive character of the work,” “flight of 
fanoy,” and “fatigue of arm.” At the fourth test is found the statement that there 
is “по marked specific urge except to get it over,” and that ‘“‘day-dreaming was в 
hindrance as I was aware of slackening speed.” 

In the first teat of the fourth observation he says: “I am putting forth а tremend- 
ous effort to exclude sound of bells and to concentrate solely on addition” and I wish 
“to do as well as other observers”; also, I “desire to surpass my previous perform- 
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ance.” This is a statement of this observer’s general intent at ite highest point. In the 
first test of the fifth observation it is stated that there is “no significant urge, am just 
doing it because I have to do it. The task itself provides an urge which is fairly dis- 
tinguishable, and I manage to exclude the distractions fairly well.” He speaks again 
in the fifth observation of his intent “to maintain previous performance and exclude 
external stimuli.”  —— 

The intent grows more vague in the sixth observation and is stated as a “desire 
to complete the task. I have not made any definite effort to eliminate day-dreaming 
since I have found that I can carry both without interfering with the other.” In 
Observation VIII an urge is reported “фо put up the best achievement yet," but this 
is not very lasting as the observer says in the same test that his “desire later on was 
to get along all right,” by which he seems to mean to keep up his performance to past 
achievement. In Observation IX there comes an “awareness of a fairly good per- 
formance in the first part of the test and so some effort to maintain and surpass this,” 
but this intentis transitory and the observer slips back to his old intent, as stated in 
the last observation. ‘There is no urge except to accomplish the task.” 


Observer B. General intent. Observer B immediately re-formed the instructions into 
an intent of “competition with myself to see how many rows I can complete,” and 
“attempt to keep my mind off the bells to keep from getting annoyed.” This observer 
speaks of being “a wreck” after the first observation and coming to “the decision not 
to fight against the bells so hard or to hurry.” The work becomes more passive in the 
second observation and the intent is “acceptance of bells to-day. Adding right along 
with a great deal of irregular thinking. I am not hurrying because I do as much when 
I don’t.” The bells are very disturbing at the beginning of the third observation. They 
“seem louder, and are certainly more painful this morning." They act “аз a constant 
interruption.” I have “no success in excluding them.” An “urge to think of other 
things in order to escape the noise and unpleasant task” developed in the fourth 
observation. In this observation it is reported that “I am trying (though not very 
hard) to do as much as I can to-day, am feeling better.” There is a “wonder if I could 
do the whole page.” In the fifth observation comes the renewal of the urge “not to 
try too hard since the effort is a strain at the time and makes me feel unpleasant after- 
wards.” A certain working speed which does not cause feelings of unpleasantness has 
been established by the sixth observation. “The motive is to exclude bells, relax and 
think of other things." But as she reports in the seventh observation: “Sometimes 
though, I find myself hurrying to get the test over, which, of course, is no use.” 


Observer C. General intent. Observer O accepted the auditory stimulation as an 
indifferent extraneous situation in the first observation and stated: “І feel that the 
noise would be regarded as unpleasant under ordinary conditions. Here I do not mind 
it.” In the first test of Observation II the report is as follows: “I am conscious of 
pushing on from left to right along the rows,” and in the third test, “I am aware of 
the task to be performed. Tones are part of the general situation in the background 
all the time, and I am concentrating on hand movement, co-ordination of hand and 
eye, and occasionally thinking of other things.” Into test three comes the report that 
“towards the end a violent effort was made to get another row of figures done before 
the stop-signal,” and again in the fourth test, “I attempted to get farther down the 
page than usual, a feeling of urge to get the figures down.” This observer “forgets 
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about the bells during work” and reporte in the second test of the third observation 
that it is “more of 8 strain than last time because I am trying to work harder.” There 
is “a feeling that it would be grand to get to the bottom of the page before the signal." 
In the third test of this observation is a report of development of methods of work and 
the statement of a feeling that “І cannot improve in speed because itis a case of writing 
more rapidly.” In the fourth test there is the report that “now I look on the whole 
task as an effort to obtain speed." A statement of motive is made in the fifth ob- 
servation as follows: “I sim to perform series of additions rapidly, paying little atten- 
tion to outsidé conditions as far as possible, and try to get down to the foot of the page 
before the stop-signal.” She reports being "all set to go at the beginning,” and at tho 
end of the test "trying to get through one more line before the signal comes.” Her 
intent has become “to get farther down the page each time, I regard each trial as one 
in a series which is training so that finally I shall be able to complete the page in a 
given time without undue effort." Reporting progress, she says that ''the task seems 
easier than formerly, leas of a strain. The combination of sound, light and my own 
activity is one complete whole. I find that I am quite anxious to get going at each 
new test to see what I can do. Toward the end of each part I feel that time must be 
nearly up. I am worried in case I haven't got as far as usual and there is a feeling of 
relief when Í recognize that I am somewhere near the point where I stopped last time.” 
In the seventh observation it is reported that the “task seems to have more conflict 
involved than earlier. Probably different methods conflicting.” In Observation VIII 
she says “I am working more slowly to get steadiness, using it as practice,” and she 
is aiming to complete a certain row of figures each time. In the ninth observation the 
aim is to secure “complete smoothness at uniform rate," which is a desoription of her 
general intent. : 


Observer D. General inteni. This observer reports in the first test “a considerable 
urge to get as much done as possible and to do more in the second half than in the 
first.” During Observation I he is highly conscious of the auditory stimulation and 
analyses it into its parta, and he considers that the accompaniment is a hindrance to 
the task. There is continued analysis in the second and third observations and little 
development of intent to accomplish the task as rapidly as possible. Attention is upon 
analysis and later upon shutting out the auditory stimulation from awareness. In the 
fourth observation awareness turns to the adding process. The aim is stated “to hasteri 
speed by approximating а continuous flow of writing. The great urge is to get to the 
bottom of the page if possible, it being felt that some new teohnique could produce a 
considerably greater amount of work." There is the “urge to set a new standard for 
myself.” This obsefver experiments with methods and builds up a fairly complex 
intent to reach the bottom of the page in the time allowed. He reporta “an urge to 
add with might and main во aa not to be thought a half-wit, and a general desire to be 
useful in the experiment. The adding is now begun with the hope of reaching the bottom 
of the page.” This observer says: “I am endeavouring to add the numbers at a maxi- 
mum speed, to devise the best technique for this and to add the whole page in the 
given time. Having got to within three or four lines of the goal the urge is greater and 
& feeling of ‘now or never’ is present.” This observer frequently reports that he is 
waiting for the appropriate mood to accomplish this aim. In Observation V comes the 
statement of an “urge to do a whole test at a spurt-pace, as one gradually learns to 
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run the quarter-mile at the spurt-pace of the hundred yards.” In the next test he tries 
this, but fails and returns to another method of "'faking.up stimuli from imagination 
to keep himself going." In the seventh observation “there was a feeling that the limit 
had been reached," but in the eighth observation “the desire to get to the bottom of 
the page has become supported by the belief that it could be done. I feel myself wait- 
ing for the ideal conditions to turn up when I expect the extra little bit of inspiration 
needed to do it." 


These abstracted reporta of general intent give tho picture of conscious 
motivation for these observers. We know nothing about the levels of 


motivation which may have been established in past performance, but it . 


would seem reasonable to ‘assume that the motivation in this experiment 
would be developed upon the motivation expressed in similar tasks in the 
past. Table I gives the objective evidence of accomplishment during the 
experiment. It shows the differences between the highest and lowest 
(first test) scores of each of the four observers. The ‘corrected per cent. 
increase’ is based upon the lowest beginning score (of Observer D) and 
is used to equalize the unknown factor of & previously established moti- 
vation level m this kind of work. The assumption is made here that these 
observers, who were of similar general mental ability, have the same 
ability to. do simple addition problems and that the differences at the 
beginning of the experiment are differences in starting motivation. This 
may or may not be a correct assumption, but it serves to illustrate what 
are possible comparative motivation effects in different individuals. The 
differences in accomplishment in this experiment are treated as moti- 
vation effects rather than as ability or practice effects. The simple addi- 
tion tests, used as the task in the measurement of accomplishment, were 
prepared for the experiment in an effort to hold these ability differences 
constant. -It appears from evidence accumulated in various experiments 
that practice, by which is meant the effect of the repetition of a task, 
plays but a small part in the acquisition of speed. Differences in ac- 
complishment, such as are observed here, appear to be caused by moti- 
vation. This would lead one to accept the ‘corrected per cent. increase’ 


Table I. Differences between individual observers in accomplishment 
throughout forty tests of 1200 addition problems. š 


- Observers 
A B O D 
Lowest всоге (frst est) ET e O 706 778 690 606 
ighest score . ibe а se 963 940 1129 1154 
‘erence sss mA sss or ve 257 162 439 548 
Per cent.inoreaso ... REA 36 21 64 -90 
Per cent. above lowest (Observer D)e at start . 17 28 14 0 
Corrected per cent. crease. 53 49 78 90 
J. of Psych. xxiv. 4 ç 97 


416 ` А Genetic Study of Motivation 


for comparative purposes, and assume that differences in motivation 
exerted in the first test were responsible for the beginning differences. 

A more complete genetic picture of motivation throughout the ex- 
periment is seen in Table II, which shows the increases for each observer 
by observation. These increases are based upon the average scores for 
each of the ten observations, which were composed of four tests each. The 
figures in parentheses are for extra observations. The general correspond- 
ence of intent and accomplishment is noted here in detail. After the first 
few observations Observers A and B show no marked increases. Observer C 
shows highly consistent and regular increases throughout the experi- 
ment, which is in exact agreement with her intent. Observer D is more 
irregular, but the increases continue throughout this experiment, where 
the intent is to use every possible incentive to increase accomplishment. 


Table II. Showing increases in average scores for observations through- 
out experiment (increases based upon previous highest average). 


. Observers 
a tt!” a ooo. 
A B G D 
Observations No % No. y^ No 96 . No 96 
п 47 19-7 10 4-7 17 3-0 68 15.8 
IL 16 6-7 5 2-3 28 5-8 32 T4 
IV 23 9-7 65 30-4 67 15:5 110 25- 
(46) (10-7) 
у 24 10-1 0 0-0 84 19-4 6-4 
VI 8 3:4 0 0-0 32 T4 0 0-0 
ҮП 0 0-0 0 0-0 17 3-0 39 9-0 
УШ 0 0-0 0 0-0 53 12:3 15 3-5 
IX 28 11-8 0 0-0 58 13-4 42 9-7 
x 0 0-0 0 0-0 0 0-0 51 11-8 
(38) (8-8) 
‘New intent’ 92 38-6 134 02-6 43 410-0 — — 
test Ў : 


Total 238 100-0 214 100-0 432 99-9 431 99-8 


IV. EFFEOT OF А NEW INTENT. 


New instru&tions were introduced at the conclusion of the tenth 
observation to three of the observers (A, B, C) calling upon them to put 
forth all possible effort to complete the test in the tims allowed. Ob- 
server D had already completed the last half of the last test in the time 
allowed, which is 600 problems in four minutes. For this reason the *new 
intent’ test was not administered to this observer. The three observers 
were told that they had already made а very high score, that they now 
worked very rapidly, but that this was the last test, and that they were 
to put forth every effort to get to the bottom of the page in the time 
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allowed. No one knew the record of the others. These instructions came 
at the conclusion of the tenth observation, when each observer had had 
over 300 minutes of adding practice. The auditory situation was eliminated 
as in the last observation. All observers felt that they had already ac- 
complished as much as they could, but accepted the instructions to make 
another try. Observer B, in particular, argued that she was sure she had 
done all she could. 

The increases in scores for the ‘new intent’ test are shown at the 
bottom of Table II. Observer C makes about her regular increase. There 
is no added conscious motivation indicated in her report over her previous 
tests in which she had been working with what evidently was her maxi- 
mum drive. Observer A makes almost 40 per cent. of the increases which 
he made throughout the entire experiment. That is to say, in the last 
eight minutes of work he makes four-tenths of the increases which he 
made in 320 minutes’ work. This increase is 7-89 times the s.p. of this 
observer’s normal fluctuations throughout the experiment. He reports 
his intent during this test, as follows: 


“Tn this test I tried to break all previous records and get to the bottom of the page 
if possible. І had a feeling, however, that I was not actually going to get to the bottom 
of the page, but there was a tremendous urge to surpass previous accomplishment.” 


Observer B makes more than 60 per cent. of her increases in this test. Yet 
at the beginning of the test it was necessary to spend some time in con- 
vincing her that she could do better. This increase is 7-13 times the в.р. 
of this observer’s normal fluctuations throughout the experiment. 

These tremendous increases in accomplishment, upon the acceptance 
of a new intent to greater effort by Observers A and B, imply that ac- 
complishment is conditioned by the conscious intent and that motivation 
rather than practice was responsible for the advance. The results from 
Observer C corroborate this conclusion. The general intent of Observer C 
was to increase accomplishment with every test. There are regular 
increases, and upon the request for greater effort the ‘report of intent 
indicates that the situation is much the same. The increase in accomplish- 
ment is uniform: Observer C's increase with the new intent was just 0-39. 
times the s.p. of her normal fluctuations. 

The conclusion already noted in the rese&rch of other investigators is 
illustrated in the cases studied here. There are wide individual differences 
in intent to do 8 task under the same experimental conditions. Also, 
correspondence is present between the accomplishment and the individual 
manner in which the intent to do a task is developed. 

- 27-9 
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Table IIl. Accomplishment results with changes in auditory situation. 
From original tc to new situation 





С 
Pitch Timing Continuous Elimination 
Observa- Observa- Observa- Observa- 
Individual observers tion JIT tion V tion VII tion IX 
For Observer A 
Intent development... oe 0 2 . 1 - 1 
Score change e PEL: 32 —26 -27. 
Corrected score change .. is 14 50 - 8 _ 9 
Ratio of change to s.p. of norm 0-78 2-78 — 044 - 0-50 
For Observer B 
Intent development  ... - 0 1 =~. 1 
Scare change... oes oes 62 19 -53 13 
Correoted score change .. Ps 47 4 -68 _ 2 
Ratio of change to 8.D. of norm 1-67 0:10 - 2:27 - 0-07 
For Observer C 
Intent development  ... Ses 0 2 1 1 
Soore change Sea 21 20 43 26 
Corrected score change .. ae 4 3 26 9 
Ratio of change to 8.D. of norm А 0:13 010  : 0-84 0-29 
For Observer D I 
Intent development ... . — 7 1 8 3 
Score change... «ss ..  -Bl 51 74 244 
Corrected score change .. 4. —33 69 ` 92 265 
Ratio of change to s.p. of norm - 136 2-58 3-71. 11:04 
From new situation te original · 
Pitch Timing Continuous Elimination 
Observa- Observa- Observa- Observa- 
.Individual observers tion IV tion VI tion VIII tion X 
For Observer A. 
Intent development ^ ... ar 0 0 2 0 
Score change 233 5 —16 18 _ 7 
Corrected score change .. e 28 3 36 11 
Ratio of change to s.p. of norm 1-28 0-17 2-00 0-61 
For Observer B 
Intent development 0 0 - 1 _ 2 
21 20 -19 — 64 
Corrected score change .. A 6 5 -34 -79 
Ratio of change to 8.D. of norm 0-20 0-17 _ 113 — 2-63 
For Observer O 
Intent development 0 0 0 0 
Score 42 27 -16 21 
Corrected score change ... Ха 25 10 -33 4 
Ratio of change të в.р. of norm 0-83 0-32 - 1:06 0-13 
For Observer D 
Intent development ses 2 (2) 2 1 1 
Score change - € 110 (67) 68 133 -27 
Corrected score change .. Е 128 (85) 86 151 _ 9 
Ratio of change to s.p. of norm . 5:32 (3-42) 3-46 6-29 — 038 


‚ 


V. Tux EFFECT OF THE AUDITORY SITUATION. 


The relative effects upon accomplishment of the various auditory 
situations are shown in Table III. Accomplishment with the original 
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auditory pattern is the standard for comparison. Changes in accomplish- 
ment are related to the reports of the individual observers. The first row 
‘of figures, for both the changes to tlie new auditory situation and back 
to the original, is composed of estimates of the development of the con- 
‘scious intent when this change took place. Zero indicates no change in 
the development of the intent at the time of the change in auditory 
stimulation and numbers 1, 2 and 3, in plus &nd minus quantities, are 
used for degrees of this development. These ratings are.given as long as 
there was development of the intent and whether or not the observer 
related his intent to the changes in the auditory stimulation. 

The second row of figures (score change) shows the changes in ac- 
complishment, in plus and minus quantities, between the third test of 
the observation, where the change in auditory stimulation took place, 
and the average of the first two teste. The average of the first two tests 
is used as the measure of normal accomplishment for the day's observation. 
This *score'change' is then related to the average normal change between 
tests where the original auditory situation is present, +e. the change 
from the first to the second test in Observations IIT, V, VII, IX, where 
the observations begin with the original auditory situation, and between 
the third and fourth tests in Observations IV, VI, VIII, X, where the ob- 
servations conclude with the original auditory situation. The difference 
between the score change, where there is a change in the auditory situa- 
tion, and the average of the score changes between tests where the original 
auditory situation is present, is shown as the ‘corrected score change.’ 
This is the amount of change in score which may have been caused by the 
change in the auditory stimulating situation. The ‘corrected score change’ 
is related to the s.p. of the changes in score between the control tests, and 
is given as a ‘ratio,’ which if approximately three indicates that the change 
in accomplishment is statistically reliable.and greater than any of the 
normal fluctuations in score. 


The normal change in score was computed as the average of the difference in scores 
between the two teste in each observation where the original auditory situation was 
present, i.e. the first two tests for Observations TIT, V, VIT and IX and the last two 
tests for Observations IV, VI, VIII and X. For the four observers this figure is as 
follows: Observer A, mean — 18, s.p. 18; Observer B, mean +15, 8.р. 30; Observer С, 
mean +17, s.D. 31; Observer D, mean — 18, s.p. 19. Differences between tests with 
the original auditory situation coming at the beginning of an observation and at the 
end of an observation tend to be in an opposite direction. Thus these 8.D.'s are averages 
of two S.D.'s, one for each position. For Observer А the beginning mean is — 25, 
S.D. 25:16; the concluding mean is —11, s.p. 10-58. For Observer B the beginning 
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mean is —6, s.n. 36-17; the concluding mean is + 35, s.p. 23-59. For Observer O the 
beginning mean is +13, s.p. 37-90; the concluding mean is +21, s.p. 24°75. For 
Observer D the beginning mean is —5, s.p. 19-40; the concluding mean is —30, s.p. 
28-33. 

Table III shows the accomplishment effects accompanying the differ- 
ent kinds of changes in auditory stimulation, that is, upon & change in 
pitch pattern (Observation HT) a change in the timing or intervals 
between the individual tones (Observation V), a continuous change both 
in pitch relations and timing relations (Observation VII), and finally the 
elimination of auditory stimulation (Observation IX). Underlying all 
the possible individual effects of the changes in auditory stimulation i8 
the general effect of the auditory stimulation itself. It is seen that none 
of these auditory situations was accompanied by changes in accomplish- 
ment by Observers А, B and C which are statistically reliable. Observer 
D is an exception, and six out of the nine changes in the auditory situation 
were accompanied by significant changes in accomplishment. 

An analysis of the reports of these observers should indicate any 
parallel between changes of intent and changes in accomplishment. It 
has been shown that differences in accomplishment between the in- 
dividuals in this experiment were conditioned by the general development 
of intent to do the work. Here we have the evidence of the correspondence 
of changes in intent and in accomplishment at the time of changes in the 
auditory situation. This correspondence is shown in correlations by the 
Rank Difference Method for eight auditory changes. These values are 
given in Table IV. As isolated measures these correlations are of little 


Table IV. Correlations between changes in score and 


estimated. changes in intent. 
Observers . 
w 
A B G D Average 
0-70 0:51 0-17 0-69 0-52 


value. But viewed in connection with the descriptions of general intent 
they are significant and they are used as rough measures,of relationship. 
Observer À had developed an intent to maintain a previously established 
level of performance. At the change in timing of the auditory stimu- ` 
lation (Observation V) he reports that: 

“There were decidedly longer intervals in the rhythm than in the previoug test 
and this at first induced a slackening of the speed of addition, but later caused a very 
marked urge to overcome the tendency to slacken pace accompanying the slower 
rhythm, along with the general urge to do as well as in previous performances.” 
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Because of this the rating of the development of intent is --2 and it is 
found that the ‘score increase’ is 2-78 times the g.p. Only one-fourth of 
1 per cent. of the normal fluctuations are greater than this. The extra 
urge continued into the fourth test of the observation, along with the 
change in auditory stimulation. The increase in score was even. greater, 
and was 3-78 times the s.p. The observer says in this connection: 

“I am aware, or think I am aware, of a change in timing of the distracting &o- 
companiment and so I am endeavouring to keep up my previous performance in spite 
of the tendency to slacken pace, which the slower rhythm seems to induce in me.” 


This illustrates the basis for the ratings of A’s intent at the time of a 
change in the auditory stimulation, and the correlation of 0-70 implies 
that the changes in intent and in accomplishment are in close corre- 
spondence. The development of the special intents at the time of a change 
in the stimulation appears to follow the lines of the general intent of this 
observer. ` 

This is also true for Observer B, and is best illustrated when the con- 
tinuous change in auditory stimulation took place. This observer had 
developed a general intent to work at a comfortable pace, which was 
rationalized as her highest accomplishment. At the time of the con- 
tinuous change (Obsérvation VII) she reports: 

«АП the noise is more prominent, continuous repeated rings stand out. I feel a bit 
віск....АП the noise is now continuous which makes me writhe inside.” 
The ‘score change’ is a decrease, which is 2-27 times the в.р. of normal 
Auctuations, A similar change in intent and decrease in score takes place 
upon the return to the original auditory stimulation in the tenth ob- 
servation after the auditory stimulation had been eliminated from the 
situation in the ninth observation. 

There are no significant changes in intent for Observer C throughout 
the experiment. Observer © was working with в strong general intent to 
accomplish ‘more each test, and her results are in conformity with this 
intent. The auditory stimulation was not focal throughout the experi- 
ment. Changes in the auditory situation do not influence this general 
intent to any degree as indicated by the ratings. Five out of the eight are 
zero. Hence the correlation is of no value as а statistical measure. 

Observer D's record is different. The changes in intent, accompanying 
the changes in auditory stimulation, follow the plan of the general intent 
to use every stimulus as an incentive to greater accomplishment. Changes 
both to the new auditory situations and back to the original ones were 


equally effective. The correlation between the changes in accomplishment 
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and intent at the time of changes in auditory stimulation is high for 
Observer D, but it is felt that it might have been higher if the estimates 
of changes in intent could have shown more accurately the degrees of 
strength of these specific urges. 
These comparisons suggest two things: 

(1) The dependence of any change in intent upon the general intent 
to work, and 

(2) A general correspondence between changes in accomplishment 
and changes in intent. 


VI. THE CONFIGURATIONAL INFLUENCE OF THR 
AUDITORY STIMULATION. 


The use made of the original auditory pattern in the working situation 
is a question of experimental interest. Is a working configuration estab- 
lished which includes the auditory stimulation? The original auditory 
pattern was present during the first two observations and continued for 
the first two tests of Observation III when the change in the pattern of 
pitches was made by interchanging gongs 1 and 2 and gongs 4 and 5. 


Observer A reports in the first test a "tendency, which is inhibited, to combine 
the work with the external noise and a strong tendenoy to overcome the bells.” He 
says there is a “definite pattern of tones repeated.” In the second test he is “not too 
keenly aware of any combination of factors thst stand out aa units.” In the third test 
he says that "the combination of factors in bell tones is now much more marked. It 
has become quite a unit in the situation because of the usual sequence in the tones." 
In further description he saya that the sequence of bells is the clearest part of the audi- 
tory situstion. In the second observation he desoribes the “bell pattern as fairly 
marked on account of qualitative differences in pitch, intensity, and intervals between 
notes.” In the second test of this observation we have this statement in retrospect: 
“Tn the beginning I tried to combine the rhythm with the adding process and when 
this failed, I tried to exclude the noise altogether.” But this observer continues to 
report the “differences in intervals between noises, and the fact that any bell seems 
to cause а resonance ín one ог all of the others, and this tends to interfere with in- 
dividual sounds.” His awareness is similarly reported up to the time of the change in 
pattern in the third observation “of the qualitative unlikenesses of the individual bells, 
differences in intensity, and that they are linked together because of these qualitative 
differences in tone and the arrangement in sequence." He does not report any aware- 
ness of the change in pitch relations of the auditory situation when it takes place at 
the third test in the third observation. At the beginning of the fourth observation, 
one day later, however, this observer says that the auditory situation “seems to be а 
different pattern and not the same as I previously heard.” In the second test of this 
observation he has “а feeling of doubt as to whether the bells are the same as before 
or different,” and at the third test, when the change was back to the original situation, 
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he says, “I now think that the pattern is the same as before.” At the fourth test he 
reports as follows: “I am now fairly sure that I have had the same pattern of bells all 
the time and that the ides that there was a new pattern was untrue.” 


Observer A was not influenced in his accomplishment by the change 
in auditory pattern (see Table III, column 1). There is no evidence of 
disturbance of awareness when a familiar rhythmic situation is changed. 
The change in accomplishment is similar to those changes made when the 
original auditory situation was present. 


Observer Ë states in her report following the first test that her intent was “to add 
to the sound of the bells as rapidly as possible.” The bells stand out as 8 unit in the 
second test; in the third it is reported that the “individual bells stand out less dis- 
tinctly than before” ; while in the fourth they are “more of a noise and undifferentiated 
now.” “The bells stand out singly” in the second observation, but a little later this 
observer reports “don’t notice separate bells so much now.” It is “when they break 
their rhythm that I notice them, although I do not know. if I am writing to their 
rhythm or not.” Later it is reported that the bells are present as noises and “each 
single one of them stands out and there are no combinations. There is a time rhythm 
but no pitch rhythm for me.” This is the situation at thé introduction of the change in 
pattern at the third observation. 


When the change in pitch relations of the gongs was made in the third 
observation, Observer B reports that she was aware of “pitches of bells 
and their order,” which is the first time that these factors have been 
mentioned, but there is-no awareness indicated of the change in pattern. 
However, there is a considerable increase in score, as shown in Table III: 
Six per cent. of normal fluctuations in score are greater than this increase. 


Observer C reports in the first observation that she is “writing down figures in 
time with the bells, I think, and they make me feel that I must get on more quickly.” 
She reporta awareness of the “ascending sequence of the bells” and a “tune played by 
them.” In the first test of the second observation she says, “I know which note is 
coming next,” and in the second test there is the following report: “The tones are in 
the background and do not stand out apart from the task." In the third test t is 
reported that “at the beginning I wanted to write out of rhythm with the bells, T 
suppose more quickly than before, and this made it difficult.” In the fourth test there 
is the statement that there are “no outstanding features, all merge into-the general 
situation, although I am occasionally aware of the tone intervals, knowing what is 
coming next.” 


Observer C was not aware of the change in pattern when it came in the 
: middle of the third observation., Accomplishment does not change for 
this observer, as indicated in Table III. 

: Observer D's results offer us an exception to the conclusion suggested 
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in the results of Observers À, B and C, that these observers are not co- 
ordinating their working rhythm and the auditory situation. 


Observer D's awareness of the auditory situation was much more detailed and 
analytical than that of the other observers during the early obsérvations. He reporte in 
the first test that “some of the tones seemed to be going to make a tune and sustain a 
rhythm, when suddenly they are broken.” In the second test he is aware of the motor 
and of “the monotony of the rhythm and the piercing qualities of the higher pitches,” 
which were constantly present in awareness. Some relation was felt here between the 
accompariment and motor co-ordinations. In the third test he is aware of various 
individual notes in the rhythm and in the fourth test the acoompaniment is present 
as “naise ав & whole which was much more blurred than before and no special attention 
was occupied with the various elements.” In the second observation the accompani- 
ment is spoken of as “a background of sound,” and ite effect as the “‘lulling monotony- 
of tone rhythm.” He says in the first test of the observation that “I made an adding 
rhythm for myself and this harmonized with the sound rhythm." Detailed descrip- 
tions of awareness of new factors in the accompaniment are given throughout Ob- 
servation П. They are reported as demanding a certain amount of attention and im- 
peding work, because they must be analysed. At this time “the rhythm is felt as а 
pattern.as before, but also it is felt more strongly as a number of disjointed elements.” 
In the fourth test of this observation “the aesthetic appeal of the monotonous tune 
has been lost and the new effects have not been built into a pattern of harmony. This 
greater complexity and brokenness of sound impedes work.” This is the situation when 
the changp in pattern takes place at the third test of the third observation. Then he. 
reports a decided change in pitch and that “it was deeper and flatter than before and 
these new elements made the things noticed, such as rhythm, mixed harmonics, clangs, 
pauses, much more dimly noticed." He says that “certainly in the first part of the 
test it impeded work to a very considerable degree by inhibiting continuons effort and 
making the adding process follow from one sum to the next. After the minute’s pause, 
however, the work proceeded with much more normal feeling of certainty." 


The reports of Observer D suggest the possibility that this observer 
co-ordinated the work and the auditory pattern. They also suggest that 
this observer’s awareness of the auditory situation was an extraneous 
awareness not connected with the working process. The change in 
auditory pattern might have disturbed the working rhythm or it might 
have caused the analysis of the auditory situation to become focal to the 
degree that the work was disturbed. Accomplishment decreased, but the 
decrease is not statistically reliable, as indicated in Table III. However, 
if the first half of the test (where the change in auditory pattern was 
made) is considered separately there is a significant decrease, which 
equals 4-83 times the в.р. of normal fluctuations for this observer. 

The reports of all of the observers, up to the time of the change in 
pitch relations in the auditory situation, indicate that the possibility of 
co-ordinating the working rhythm and auditory rhythm occurred to all 
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' of the observers and that the intent was developed in at least three out 
of four observers to effect such & co-ordination. But this intent soon 
changed to one to disregard the auditory situation as far as the task was 
concerned. Observer D seems to have developed a highly focal intent to 
analyse the auditory situation, particularly when the change in pitch 
relations of the pattern was made (Observation III). But with all ob- 
servers the auditory situation is an extraneous awareness. The change in 
pitch relations does not influence the accomplishment of Observers A, 
B and C, and the accomplishment of D appears to be influenced because 
the intent to analyse the auditory stimulation becomes too focal, which 
is immediately corrected by greater awareness of the intent to do the task. 
The auditory situation, though present in awareness, is not a part of the 
working situation. А 

Upon the change back to the original auditory situation in test three 
of Observation IV there is one significant increase in accomplishment 
(see Table III) which again is for Observer D. Accomplishment was 
unaffected in Observers А, B and C. This raises the question again of 
whether or not the worling rhythm of Observer D had not been co- 
ordinated in some way with the auditory stimulation. · ОЁ course, there 
was no exact timing, but there might have been a beneficial background 
of tonal pattern. This observation was repeated and a similar increase is 
recorded (see Observation IV, Table III, figures in parentheses). The 
ratios of the score changes in both observations, upon changing from the 
new auditory situation back to the original, are statistically reliable. 

Is this increase in score caused by the return to the familiar auditory 
Situation? The return to the original situation is not reported in the 
awareness of this observer. The “sound situation is far away and un- 
important." But there is & tremendous development of the intent to 
work. After the third test of the fourth observation had begun the ap- 
paratus broke down. It was repaired and the test repeated. The observer 
reports, “I sat down with renewed zest and refreshed." For this reason 
the observation was repeated the following day. .Aghin the auditory 
situation is reported as a background experience. The increase in score 
here came in the second half of this test, parallel to a development of the 
intent to work. The observer says: 


“The main urge was to do something to ameliorate the unpleasantness experienced 
in the first part of the test, hence a more unusual effort to concentrate, and increased. 


urge. 
The increase in score in the first half of the test is only 1-46 times the 8.р., 
while in the second half it is 5-63 times the в.р. Evidently the change in 
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intent in the second half of the test was responsible for the significant 
increase in score and not the return to the original auditory situation. A 
detailed description of the awareness of Observer D at this time gives us 
an understanding of what is taking place. ` 


The observer is aware of the auditory pattern, but it is “not attended to—not 
noticed, as wall paper is not noticed after a month in a new room....I definitely felt 
myself faking up stimuli, by recalling past experiences in which persistence had been 
vital. By letting the ‘sentiment’ revived by these recollections play upon the present, 
new driving power was gained.” 


Observer D’s search for incentives to stimulate him to increase his ac- 
complishment is a vital part of his general intent to work and the auditory 
changes often provide the necessary incentives. 

There is little evidence here-or throughout the experiment that 
changes in the auditory situation have any influence upon the task except 
in so far as they are assimilated to an intention to make greater or less 
effort. There is no configurational influence in the strict sense of the word. 


Table V. Average accomplishment results with changes in 
auditory situation (summary). 


From From 
original new to 
to new original 
Observers situation situation Both 
For Observer A 
Intent development... zs 0-5 0-5 0-5 
Score e -6 ! 0 - 8 
Corrected score change .. a 12 18 15 
Ratio of change to 8.D. of norm 0-66 1-03 0-84 
For Observer B 
, Intent development  ... ENS 0:3 - 08 - 03 
Score change... vis 55: 10 -12 - 1 
Correoted score ohange .. . -5 -26 —16 
Ratio of change to s.p. of norm = 017 — 0-86 -~ 051 , 
For Observer C 
Intent development  ... sés 1 0 0-5 
"Score change > E 28 19 23 
Corrected score change .. i 11 2 6 
' Ratio of change to s.p. of norm 0-34 0-06 0-20 
For Observer D 
Intent development Em EP 13 c 1-5 1-4 
Score change... УЯ 80 70 75 
Corrected score change .. > 98 88 93 
Ratio of change to в.р. of norm 3-99 3-62 3-80 
For four Observers 
Intent development... T 0-8 0-8 0-5 
Score ohange vie 28 19 24 
_ Corrected score change .. 2s 29 21 25 


Ratio of change to s.p. of norm 1-21 0-97 1-09 
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Table V is prepared, as a summary of Table ITI, to assemble the results 
from the point of view that a familiar auditory situation might be more 
conducive to uniform accomplishment, or improved accomplishment, 
than a new auditory pattern or Gestalt, which might cause disorganization 
of the working process. 

There is no evidence that a change in an auditory pattern is detri- 
mental to accomplishment and return to an original or familiar pattern 
beneficial. For Observers A, B and C, the average changes in accom- 
plishment at the time of change in stimulation are insignificant and well 
within the range of normal fluctuations. For Observer D these average 
changes in accomplishment are significant changes under both conditions 
and are approximately equal under both conditions. Also, the average 
change in accomplishment for all observers is about equal under both 
conditions—a change to the new auditory stimulation or a change back 
to the original auditory stimulation. I 


VII. THE INCENTIVE INFLUENOE OF THE AUDITORY STIMULATION. 


This section deals with the special incentive effects of the changes in 
the auditory stimulation. Table III indicates that they were not great 
for Observers A, B and C, and considerable for Observer D. That is to 
Say, none of the changes in accomplishment for Observers À, B and C, 
which came at the time of a change in auditory stimulation, were re- 
liable statistically. But Observer À developed a special intent to increase 
effort to counteract any reduction in working speed which might be 
caused by the slower timing of the auditory stimulation in Observation V. 
The change in accomplishmentis 2-78 times the 8.D. of normal fluctuations. 

Observer B developed a special intent to avoid the noise of the con- 
tinuous change in auditory stimulation in Observation VII and there is 
a decrease 2-27 times the s.p. of normal fluctuations. This observer re- 
porte here that “when I attempt to do as much as I can, the bells become 
more conspicuous and more unpleasant." There is but orfe chance in a hun- 
dred that this decrease in score is due to normal causes. When the original 
&uditory stimulation is returned at the third test of Observation X, after 
it had been eliminated in Observation IX, it is reported as a “hindrance 
which made me lose all desire to do as much as I can.” The score decrease 
is 2-63 times the s.p. of normal fluctuations, which is greater than 99-6 
per cent. of them. The auditory stimulation is an incentive to escape, for 
this observer, and the accomplishment is reduced where it becomes 
effective. 


t 
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Observer C's reports indicate that the changes in.auditory stimulation 
at Observations V, VII and IX had an incentive effect. 


With the change in timing in Observation V she says the “bells are slower and 
louder. The task has become lees pleasant and harder work. I was determined not to 
let this interfere with my work." With the continuous change in Observation VII 
she reports as follows: “Something very peculiar has happened to the bells. Seems as 
if I had gone to hell. At first this made writing difficult. Later I think it helped by 
stopping wandering thoughts.” With the elimination of the auditory stimulation in 
Observation IX the report is as follows: ‘‘Silence stands out, rhythm of the apparatus 
is present. The cessation of the accompaniment hindered work and I determined not 
to let it mterfere with my progress.” 


All changes in accomplishment at the time of these alterations in the 
auditory stimulation are increases which are greater than the normal. It 
is possible that the changes in auditory stimulation were slight urging 
factors for this observer, while for Observer B they tended to have the 
opposite effect. 

Observer D is the one whose incentive was notably affected by the 
changes in auditory stimulation. Observer D, like Observer C, was work- 
ing toward a goal of accomplishment, but unlike C, who intended to get 
there by development of method, D intended to get there by ‘inspiration,’ 
and he achieved his aim. 


In the fourth observation the apparatus broke down at the beginning of the third 
teat. When repaired this observer “sat down with renewed zest and refreshed.” There 
was an increase in accomplishment 5-32 times the в.р. of normal fluctuations. This 
observer was always on the look-out for extraneous incentives. Elsewhere he says: 
“T definitely felt myself faking up stimuli, by recalling past experiences in which per- 
sistence had been vital. By letting the ‘sentiment’ revived by these recollections play 
upon the present, new driving power was gained." The change in timing of the auditory 
stimulation in Observation IV is reported as follows: “‘The slower pace was favourably 
reacted to as if it were something new. I was aware of a few spurts and then a-lapse 
to a more effortless pace.” There was an increase in score which was 2-58 times the 8.D. 
The return to the original auditory stimulation is reported as follows: “The faster pacó 
had s decidedly stimulating effect on the work. The pace of the bells made me increase 
and dragged me along with them. -This soon gave place to an energetic state of mind 
in which I added very fast." The accomplishment increases 3-46 times the 8.D. of 
normal fluctuations. This increase was maintained in the last test of the observation 
and is reported as a ‘‘considerable release of motor energy, which had been brought 
about by the faster pace of the bells in the third test and the result was that I tackled 
this teat with great gusto.” The general intent -was to use every possible incentive to 
work “ав rapidly as possible” and this procedure has ite counterpart in the accom- 
plishment. 


The only suggestion in the experiment of unconscious motivation 
comes from the reports of Observer D at the continuous change in, 
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auditory stimulation in Observation YI This continuous change is 
reported 


“ As the greatest change in the sound situstion since the beginning of the experi- 
ment. At first it seemed & mere chaos of cacophony and I said, ‘Oh, my God, and 
thought my ears would split. Then after having added a row or two, the constant 
buzzing noise became apparent. I concentrated on this and added like fury. Towards 
the end of the first part of the test it became apparent that the rest of the din was merely 
the old tune with a new noise. The magnitude of the disturbance then diminished a’ 
little and all interest in the sound situation as a problem vanished, and in the second 
part of the test it was merely present as analysed din.” Upon starting the test, “I felt 
my mind brace itself and there was no feeling of continuity in the adding, but the 

‘imperative need was to keep adding without the slightest pause, the noise was so great 
that it deafened mental articulation and I proceeded in a mist of consciousness. Once 
or twice I thought I was to be reduced to making meaningless marks on the page and 
double effort was made to overcome this. The whole thing was reacted to as a test of 
endurance and it seemed to go on for an interminable time.” The accomplishment in- 
creased 3-71 times the 8.D. of normal fluctuations (Table TIT). In the next test of the 
observation, which included the same auditory stimulation, the increase was 7-42 
times the s.p. This observer continues to analyze the accompaniment into its parts 
and reports that “the sound situation was not nearly such a strain as before, but ita 
effeot was to release a fund of energy, in the effort to combat the hostile situation, 
which resulted in unusual concentration and rapid work, and which produced intense 
feelings of mental strain as opposed to the physical, experienced in the previous teat. 
I became hot, and developed pain in the head, a feeling that I was going to burst. 
[Observer was flushed and perspired freely.] The heightened activity was not volun- 
tary, but absolutely determined by the stimulating conditions. I had to respond in 

. this way. It was not until I was well into the second part of that test that the old idea 
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was an exceptional opportunity to achieve this end.” 


In the early tests of the eighth observation, next day, when the con- 
tinuous changing auditory stimulation was present there was no such 
effect reported as described above, nor were the scores other than normal. 
The observer says in this connection that “the stimulating situation was 
much the same in its urging effect as the original one.” Apparently the 
observer set off on this burst of speed as a result of the general intent to 
accept any extraneous stimulus as an incentive to greater effort. 

The return to the original auditory stimulation in Observation VIII 
was accompanied by an increase in accomplishment 6-29 times the в.р. 
of normal fluctuations. All the time there are very few increases between 
control tests. The number of problems accomplished for control and ex- 
perimental tests in Observations VII, VIII and ІХ are as follows for 
Observer D: Š one 


VII VIII IX 
Control tests... {3} 884 (d 861 (5) 876 n 896 (1) 897 (2) 902 
Experimental teets 3) 947 (4) 1051 3)1091 (4)1011 (3) 1146 (4) 1027 
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The change in auditory stimulation came at the third test (test numbers 
are given in parentheses) and was continued in the fourth. This observer 
reports the change in auditory stimulation of Observation VIII as follows: 


“Tt had a pleasant stimulating effect as if returning to the simple and familiar. It 
provided a harmonious rhythmical background, something simple and flowing and 
not ocoupying much of my attention, against which my internal drive to get to the 
bottom of the page could come up unaffected. I felt that the cacophonous experience 
had taught me to write faster.” > 


The elimination of the auditory stimulation in Observation IX was 
accompanied by the greatest increase in score of all. The increase is 11-04 
times the в.р. of normal fluctuations (Table III), which is an increase of 
21 per cent. in amount of work done at a high level of achievement. In 
the fourth test the increase is continued to the extent of 5-67 times the 
в.р. Observer D reports these two tests as follows: 


“The silence of the tune stood out like something positive. It was at first painful, 
then came an unusual release of motor energy that was tremendous and confused me. 
I had to make continuous markings on the paper at в great rate, and thought of the 
danger of being reduced to meaningless scribbling. The control over the released motor 
` power increased with time, but the excitement was too great for controlled work. It 
seemed that this was the time to get to the bottom of the page and I must show myself 
that I could do it and risk making errors.” In the next test, “The silence was still 
somewhat exciting, but the fear that the excitement would lead to errors produced an 
extra effort at accuracy at the cost of speed. The slowing-up was done deliberately in 
the hope that I would soon learn to be accurate as well as fast when experiencing a 
release of energy.” 


The general intent to get to the bottom of the page is very strong at 
this time, but in the first two tests of the tenth observation staleness is 
reported. Upon the return of the original auditory stimulation at the 
third test there is reported the “liberation of energy for a few lines, but 
I lost my sense of time and could not hurry, whereas I expected to be 
able to go really fast." There is a decrease in accomplishment of 0-38 
times the в.р. Through a defective electrical contact the current was 
broken. for a fraction of a second at the beginning of the second part 
(composed of 600 problems) of the last test. This caused a loud, long note 
to be sounded and held. Observer D reports that the sharp ring caused 
an awareness of doubling of speed of the auditory accompaniment and 
“T redoubled my own speed in a burst of exhilaration.” The observer 
finished the test in the four minutes’ time and had time over to “make 
at least a dozen corrections for illegibility.” The increase was 7-79 the 
8.D. for this part and for the first part of the test it was 3-96 times the в.р. 
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Motivation evidently had increased for the last test, but the extraneous 
factor mentioned became an incentive to much greater effort in the second 
half of this test. ` : 

The resulta for Observer D have been reviewed in detail because this 
history of motivation gives a clear picture of the interplay of internal 
intent and external incentives in causing accomplishment. Indications 
from this experiment and particularly from this observer are that the 
general intent is the determining factor in the use of external incentives. 
They must be sought and accepted to be effective stimuli to increased 
effort. ` 


VIII. COMPARISON OF INCENTIVE EFFEOT OF VERBAL 
AND OONORETE 8TIMULATION. 


Verbal instructions are, of course, incentives when accepted, and it 
would be interesting to compare their effect upon accomplishment with 
the effect of concrete stimuli such as the auditory stimulation. The ‘new 
intent’ instruction to make a final effort to increase their score was ad- 
ministered to Observers A, B and C at the completion of the experiment. 
A comparison of the effect of the changes in auditory stimulation is 
shown in Table VI. These effects are in terms of the accomplishment 
increases over the 8.р.’в of normal fluctuations for each of the four 
observers. 


Table VI. Compartson of accomplishment changes upon changes in 
auditory stimulation and upon change in verbal instructions. 


` Observers 
cc aM" * 
А в С р 
Change in verbal instructions | 47-89 713 +0-39 — 
Change in auditory stimulation Р А А 
Highest +2-78 -2:27 +0-84 T1104 
Average +084 . —0-52 +0:20 + 3:80 


That the increases in accomplishment are dependemt upon the ac- 
ceptance of the incentive has already been mentioned. The averages for 
the changes in auditory stimulation include times when there was prob- 
ably little acceptance or development of intent to greater effort. Com- 
pared with the highest change in accomplishment at the time of 8 change 
in auditory stimulation there is evidence that the effect of & concrete 


- incentive can be at least as great as a change in verbal instructions. But 


the former i8 not the usual way, in experimental work at least, to bring 
about a change of intent to work. _ 
J. of Psych. xxiv. 4 28 
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IX. SUGGESTED CONCLUSIONS. 


ГА 


This experiment was performed as an exploratory investigation in 
human motivation. Its report furnishes & genetic history of individual 
motivation over 8 considerable period of time in both its subjective and 
objective aspects. It turns out that the conscious aspect of the problem 
is emphasized in importance and the abstracted introspections offer 
valuable suggestions for further study. 

Following the early historical interest in the introspective study of 
intent, or the “intent to learn' as it was frequently referred to in the 
literature, psychologists have endeavoured to solve the problems of 
motivation by means of purely objective methods. This is necessary, of 
course, in the animal field. But investigators in human motivation for 
the past twenty years have continually referred to the inadequacy of 
these objective methods as usually used unaided. The results of experi- 
mentation bear testimony to this. From the writer’s experimentation 
. in this field comes the suggestion that thorough introspective reporting, 
related in time to reaction measures and stimulation, has much of positive 
value in the understanding of motivation. It may be that in the ac- 
ceptance of incentives into the development of the intent there is a 
causative factor in motivation which is so slight in its physiological aspect 
that objective methods will be unable to measure it. 

It is clear that the general intent of the worker determines the ac- 
complishment and that this general intent is the resultant of past levels 
. of motivation and what stimulation is accepted at the time the task is 
being performed. Any'new stimulation, either concrete or verbal, may 
effect the intent, but it must be accepted as an incentive in order to 
become effective. Any stimulus may become an incentive either to 
greater or lesser effort, and the game stimulus may effect the accomplish- 
ment of two people differently. 

Also, the intent determines the working situation. The configuration 
of stimulation is under direction of the intent. Environmental changes 
may cause awarenesses, but these awarenesses are not necessarily a part 
of the stimulating situation for the individual unless he intends them to 
be. The auditory stimulation was treated by different observers in differ- 
ent ways, but in general it only became a part of the working situation 
when accepted as an incentive. The intent separates off from the complex 
of received stimuli those which make up the working situation of the next 
moment. 
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The following conclusions are suggested :- 

(1) The general intent to do & piece of repetitive mental work, such 
as was used in this experiment, is highly individual in nature, and ite 
development throughout a period of work has also a high degree of 
individuality. 

(2) Inereases and decreases in accomplishment are closely correlated 
with any development of the intent to work. 

(3) Specialized intents are often present, e.g. to allow extraneous 
· thoughts free play in awareness, to slow up the work and allow extrane- 
ous thinking, to speed up the working pace so that it is focal in awareness, 
and to accept each change in conditions as a stimulus to a racing intent. 

(4) Some individuals analyse the auditory stimulation very little and 
others in great detail, but both do so as a separate mental process to that 
of the task. 

(5) While repetitive work may have a degno of automaticity, and 
high speed may be attained with little awareness, increases in speed and 
often the maintaining of a high speed seem to be accompanied by a fairly 
high degree of awareness of the intent. 

(6) The development of the intent to increase speed may be accom- 
panied by emotional disturbances which may cause a temporary decrease 
in accomplishment. 

(7) Changes in objective conditions are accompanied by decreases, 
increases and no changes in accomplishment according to the develop- 
ment of intent of the worker. 

(8) Objective changes, whether verbal or concrete, must first affect 
the intent before influencing the accomplishment. Changes in intent and 
accomplishment appear together, so this conclusion might be reversed. 
In the observations where the intent was reported in advance of work 
there is evidence that the change in intent is causative in the train of 
events. 

(9) Concrete and verbal changes in stimulation may be equally 
effective as incentives, but their effectiveness is througlf a development 
of intent. 

(10) Any configurational influence of stimulation appears to be under 
the guidance of the intent. 

(11) A general intent guides the accomplishment. Specific intents 
are continually m development, are more focal in awareness, and re- 
define the general intent in relation to the task. 


(Manuscript received 19 August, 1933.) 
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` 
I. INTRODUCTION. . 


Tuz use of language undoubtedly constitutes one of the most important 
&nd most frequent forms of human behaviour. Granting this, it is but 
natural that both psychologists and linguists have been interested in the 
interrelations of their sciences on this topic. Psychologists have used 
certain types of linguistic behaviour as examples of various psycho- 
logical processes, such as abstraction, generalization, thinking, usually 
without specific attempts to explain the linguistic behaviour involved. 
Linguists have perhaps been more interested in psychological explana- 
tions of linguistic phenomena than have psychologists, but much of their 
work seems unsatisfactory from a psychologist’s pomt of view. In this 
paper I propose to reconsider certain psychological explanations of 
linguistic processes which have been put forward. Obviously there is no 
need to explain all linguistic phenomena in terms of a single psycho- 
logical process. Yet the processes of sound symbolism, word meaning, 
and analogic chinge, which have hitherto been treated as isolated pheno- 
mena, have a psychological similarity; all three of them are forms of the 
process of generalization. 

Generalization may be defined as the transfer of a response from one 
situation in which it has been learned, to another in which it has not. The 
frequency with which this transfer will take place is a function of the 
similarity of the two stimulating situations. Whether the old response is 
appropriate in the new situation is irrelevant for our purpose. It is the 
process of transfer itself which is impartant. 
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- Language has usually been defined m terms.of the expression of ideas 
or the communication of thought. The popularity of such a definition can 
be largely attributed to the fact that language has generally been thought 
of as a purely human institution. But even so, such a definition is not 
logically demanded. Moreover, a definition of this kind tends to remove 
language from experimental investigation; the difficulty of attempting 
an experimental attack upon idea-expression or thought-communication 
is manifest. Recent writers have, however, discarded this point of view. 
De Laguna ((4), рр. 9-19) and Gardiner ((6), рр. 16ff.) have both sub- 
stituted more objective definitions. 

I propose to define language as a group of Бейш! patterns (vocal, 
gestural, eto.) which, as a result of the community of learning among the 
users of that language, produce the same response in all of them. How 
nearly the same the response must be is a practica] matter. Absolute 
identity is, of course, not meant!. There is nothing in such a definition 
which precludes a wink or a blow from being classed as language, provided 
that all members of a given community have learned to give a common 
response to these stimuli. The fact that^most language is vocal, while of 
tremendous importance in determining the detailed features of the 
language, is of absolutely no importance in a discussion of the funda- 
mental nature of language. While the above definition sets no limits to 
the types of activity which might be classed as language, it does point 
out the fundamental characteristic of any activity. which can be so 
classified. 

A further important Баана of language is that language 
develops, changes, and has an existence only as ib is used by human 
beings. Even by competent linguists language has too often been dis- 
cussed as if it had an existence of its own, had developed of its own ac- 
cord, and had changed as a result of peculiar characteristics within its 
own structure, rather than of characteristics of its users. ‘One example 
will suffice to illustrate this attitude. “Is there not a force," Aiken asks, 
“corresponding somewhat to inertia in physics, which to & large extent 
neutralizes and nullifies all the tendencies toward analogie change?” 
Answering this question in the affirmative, she decides to “recognize a 
linguistic principle of conservation, defining this as the influence exerted 
by the language itself to impede and resist change” (0), p. 55). It is 
of course the habit systems, of the language users which resist change. 
Fortunately а growing recognition of this distinction is now leading 
many linguists to treat language as a type of human activity rather than 

` 1 Beo the section of this paper on "Word Meaning.” 
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аз a self-contained entity. Gardiner in particular has adopted this view- 
point, and the argument .of his recent book (6) turns largely upon an ex- 
amination of a particular example of speech in the concrete setting in 
which it occurred. 

With an objective definition of language as & basis, the purpose of 
this pgper is to define three specific linguistic phenomena (sound symbol- 
ism, word meaning, and analogic change) in terms of the more familiar 
process of generalization. While only three linguistic processes will be 
analysed here, 15 seems evident that others will likewise find a similar 
ultimate explanation. Two of these are the development of linguistic 
categories (too frequently ascribed to the action of а classificatory in- 
stinct) and types of sentence structure or word order. 


П. SOUND SYMBOLISM. 


It has frequently been asserted that a given sound has a fairly definite 
and unlearned meaning regardless of the word in which it occurs. For 
example, Jespersen(7) discusses in same detail the relations between 
sound and size, distance, states of mind, and so on. With respect to size 
Jespersen has pointed out that in many languages there is a significant 
relation between the particular vowel used and the size denotation of the 
word. Thus the vowel ¢ (as it is found either in р?п or in feet) occurs very, 
frequently in words meant to designate that which is small, weak, in- 
significant, dainty, or refined; as in little, petit, piccolo, wee, tiny (which 
children often pronounce teeny), slim. The same vowel occurs in the 
names of small children and small animals, and is frequently used in 
endearing or depreciative words for children. Child (formerly with the 
ee sound), kid, chit, imp, slip, pigmy, midge are examples of such a usage. 
The same tendency is found in the names of small objects such as tip, pin, 
chink, slit. And lastly, it is found in the diminutive endings of such words 
as Bobby, baby, auntie, birdie ( (1), p. 402). The use of this vowel in words 
indicating smallness is not restricted to English. Jespersen quotes ex- 
amples from Magyar, Latin, Greek, German, Danish, Dutch, Gothic, and 
Swiss German to illustrate the same usage. 

Unlike other exponents of this general thesis, Sapir has experi- 
mentally investigated the relation between sound and size. In a study 
of vowel symbolism he made up lists of pairs of nonsense words differing 
only in one vowel. These lists were read to groups of subjects who were 

. directed to differentiate between them on the basis of size, “For example, 
the meaningless words mal and mtl were pronounced in that order and 
given the arbitrary meaning ‘table.’ The subject decided whether mal 
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seemed to symbolize a large or a small table as contrasted with the word 
mal” ((9), p. 227). In general Sapir found that the so-called open vowels 
(those made with a wide opening between tongue and palate) were inter- 
preted as referring to the larger of two objects, and the closed vowels 
(those made with a narrower opening between tongue and palate) to the 
smaller. Thus Jespersen’s observations were experimentally confirmed. 
Again, we have such words as large, ocean, vast, grand, and pratrte con- 
taining open vowels as opposed to the contrasting use of closed vowels 
illustrated in the previous list. But while it is easier to find examples 
which confirm Sapir's results than to find contradictory ones, it is not 
particularly difficult to find words such as big and small in which the 
vowels are not in agreement with Sapir’s results!. 

In order to avoid the criticism that Sapir's results might be due to the 
language habits of the particular subjects used, the experiment should 
be repeated with subjects of as dissimilar linguistic backgrounds as 
possible. Sapir’s group consisted mainly of high school and college 
students of American speech habits, although 8 few native Chinese were 
included. | 

The relation between vowel and size meaning might be due to some- 
thing innate in those who first developed the language, and Sapir is in- 
clined to give an explanation in nativistic terms, saying, “the tendency 
of symbolisms to constellate in accordance with an unconscious or in- 
tuitive logic...is not necessarily based on experience with the stimuli in 
their normal functional aspects....The influence óf specific, functional 
language factors need not be invoked to explain these symbolisms” ( (9), 
pp. 238-9). It is, however, as unnecessary to postulate the existence of 
an innate basis for vowel symbolism as it is to postulate an innate basis, 
among English-speaking people, for the use of s as 8 plural sign, or, in 
another linguistic community, of some other specific instinct for forming 
plurals. This would necessitate the postulation of different instincts in 
each different linguistic community; further, it would mean that any 
particular child would find that language for which it has the proper in- 
stincts the one that could be learned with greatest ease. Such reasoning 
is completely out of step with current psychological theory. But one is 
not forced to accept the nativistic explanation of this phenomenon for 
want of a better one. The observed facts fit very nicely into an explana- 


1 A sample of words having a size reference picked at random (the first word at the top 
of every other page), from Funk and Wagnell’s Practical Standard Dictionary, showed a ratio 
of about four to one of words confirming to words contradicting the general trend shown in 
Sapir’s study. Ve 
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tion based on the process of generalization. It is entirely possible that 
at an earlier stage the language contained more words of the type of big, 
vista, sea, and immense, эв contrasted with small, awl, auger, or tot, dot, 
and so on. In these lists the names with a large size reference contain 
closed vowels, while those with a small size reference contain open vowels. 
If it is true that the language once contained a variety of such words and 
a variety of vowel-size relations (or what amounts to the same thing— 
no constant relation), then the present condition must have developed 
by the extension of the particular form which has now become fairly 
characteristic. But this is nothing more or less than the generalization 
of a particular relation which has largely supplanted all others. In such 
8 case, as new words were added to the language (whether by borrowing, 
analogy, or intentional word-building) the vowel meaning would transfer , 
to these new words; or those new words which conform to the already 
established trends would have the greater survival value. It is, of course, 
true that the generalization has not been complete, or it would be im- 
possible to find words which contradict the general trend. It is also im- 
possible to state just why this particular relationship rather than some 
other was the one which became generalized; but this limitation is 
characteristic of most explanations. 

It must be granted that this explanation of sound symbolism is as 
purely theoretical and as little experimental as Sapir’s nativistic one. 
However, it is more in Ime with current theory, and has the virtue of 
greater simplicity. Perhaps the question might be partially answered by 
contrasting the ease of learning sets of words which did or did not agree 
with such symbolism. For we might assume that if any innate basis for 
sound symbolism does exist, it would be easier to learn words which are 
congruent with this instinctive basis than to learn incongruent words. 
But it would be necessary to have subjects with no previous language 
habits. Since the experiment has never been performed, our explanation 
on the basis of generalization must remain merely a tentative one. 


III. WORD MEANING. 


The meaning of any word is in itself an example of generalization. 
Exactly the s&me response is never given twice, even by the same in- 
dividual, to a given word, and yet the similarity of response is sufficiently 
great to enable us to say that the word has a fairly constant meaning. 
Bloomfield emphasizes this fact in stating that: “If each experience, 
owing to its indisputable individuality, were to be accompahied by a 
special utterance, no sound-sequence would ever be uttered more than 
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once, and communication by means of speech would be impossible. It 
is the habitual inclusion under one form of expression—that is, under 
one specific sound-sequence—of vast numbers of experiences presenting 
certain dominant features, which enables us to understand one another” 
(@), p. 83). Gardiner has expressed a similar view in saying “...every 
word without exception is a class-name; in uttering it the speaker is 
virtually saying, ‘Here is a class, and the thing I mean you to understand 
belongs to that class.’ The class is known to the listener by his previous 
experiences, the word having been applied by others or by himself to 
many other things falling under the same class" ( (6), р. 38). 

The first factor determining the limits within which the response to 
any given word may vary is the nature ‘of the individual’s previous 
experience; in general, the more experience, the less variability. For 
example, it is hard to predict what responses might not occur among 
ordinary auditors to the word adtadochokinesis. The variability of re- 
sponse among 8 group of neurologists, would be very much less. 

The second factor determining the variability of response to a given 
word is the proximity of similar or synonymous terms. Contrast, for 
instance, the generality of a small nose with the specificity of an aquiline 
nose. The latter term admits of less variability of response because there 
are more words describing the shape of noses, such as Grecian, Roman, 
Negroid, straight, hooked, pug, broken, aquiline, than there are words to 
describe their size, the latter category being almost restricted to small, 
medium, large, and huge. It is as if each variable, size and shape, included 
a given amount of territory. The more words there are describing a given 
variable, the less ground a particular one can cover; the more synonymous 
or similar terms there are to describe a given object or event, the more 
restricted the meaning of any one of them will become. 

A similar illustration can be given in which form is the less specific 
variable. Except for the specific square and the less specific Golden 
Section there are no common names to designate particular types of 
rectangles. The one name rectangle is consequently very general in mean- 
ing and must of necessity cover all shapes and sizes of rectangles. How- 
ever, the colour of the rectangle can be stated with a comparatively high 
degree of specificity because of the wealth of colour names. If we talk 
about a red rectangle we know its colour within a relatively narrow band 
of wave frequencies, but its actual shape may be almost anything. All 
that has been specified is that the figure has four right angles. The amount 
of variability of response to 8 given linguistic stimulus, together with 
measures of the interchangeability of two such stimuli, provides an 
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objective means for measuring the degree of similarity in the meaning 
of the two words. 
The meaning of any word is ordinarily learned by encountering it in 
a number of similar situations, abstracting the elements common to these, 
and then upon this basis generalizing or applying the newly learned word 
in still other but similar situations. Our ability to learn the meaning of 
a word in any other fashion is solely due to the fact that language itself 
may be substituted for other types of activity. The process of learning 
the meaning of a word is then, ordinarily, one of generalization. Probably 
more than any other, this linguistic fact has been generally recognized 
by psychologists. (See for instance Dashiell @),-Chapter xv, or Weiss (12), 
Chapter xm.) : 
t 
IV. ANALOGIO CHANGE. 


Probably the most clear-cut examples of the action of generalization 
in language are to be found in analogic formations, or, as they have fre- 
quently been called, proportional analogies. Such an instance is found in 
the process by which a child arrives at the form gived from the proportion: 


talk : talked :: give: x 


It is not to be understood that such a proportion is ever actually con- 
structed, except as the linguist so constructs it as an illustration. What _ 
actually occurs is that the child has learned a great many verbs of the 
type talk, talked, or want, wanted; when occasion arises for him to use the 
past tense of a verb of which he knows only the present, the desired form 
may be obtained by generalization. The other types of analogic effects, 
which may be classed together under ths heading of analogic change, are 
equally effects of generalization. 

Bloomfield defines analogic change as any “change in the form of 
words [which] is in any sense due to their meaning” (8), p. 221). More 
commonly, analogic change has been defined as the change in phonetic 
form of any word due to interference of related or associated words. To 
illustrate: Latin levis (light) and gravis (heavy) would have become in 
Italian leve and grave if no influences other than the normal sound changes 
effective in the development of Italian had been acting. Actually the 
latter changed to greve, the a of Latin gravis being replaced by an e, thus 
increasing its phonetic similarity with its logical opposite leve. All cases 
of analogic change are similar to this example in that the change is in 
the direction of increasing the similarity to some related word or words. 
It is thus that analogic change is said to be the effect of the interference 
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of associated words; which is a more specific way of denoting the meaning 
relationship. 

While meaning provides the essential basis for analogic change, а 
certain amount of phonetic similarity already existing between the re- 
lated words is also necessary. Sturtevant writes that any association which 
is close enough to produce analogic change “must be based upon a certain 
degree of similarity between the words affected in respect both of meaning 
and of form..The word mále could not have changed femelle into ‘female’ 
if the words had not already been similar in form” ((10), p. 94). 

These are the most important conditions necessary for analogic 
change. Its effect upon a language is another matter and ordinarily 
results in increased simplicity. English is a good example of 8 language 
in which anelogy has simplified the declensions and conjugations and 
totally removed many former inflectional differences. While English has 
not yet reached the simplicity of an artificial language such as Esperanto, 
the trend has been in that direction. Actual attainment of this goal is 
constantly being checked by such restraining influences as written re- 
cords; the speech of purists; the fact that complete learning of a given 
word form tends to prevent any alteration of that form; and the upsetting 
influence of general sound changes which cut across the lines of analogy 
and sometimes further alter words previously made similar by the action 
of analogy. 

While both the conditions necessary for analogic changes ma. E 
simplifying trend of such changes have been fairly well recognized, e 
planations of this trend have taken several different forms. One of the 
most common tendencies has been to explain analogy in terms of purpose. 
Sometimes these explanations have posited a classificatory or system- 
atizing instinct. Other explanations have made no mention of an in- 
stinctive basis but have been as clearly purposive in nature. Even as 
cfitical a thinker as Gardiner has fallen into this error, explaining that 
“analogy has as motive simply the desire for uniformity” ((6, p. 140). 
Vendrys has formulated an equally teleological’ explanation in writing 
that “the need of uniformity is satisfied by recourse to analogy” ( (11), 
p. 156). 

A second general form of explanation has been based on differences 
in the ease of pronunciation. Such explanations merely state that а 
difficult articulation is supplanted by an easy one. The elimination from 
English of the final sounds of German ach and ich has been explained on 
such grounds. While linguists do not generally adhere to such theories: 
they crop up nevertheless. Thus Aiken explains all sound change as due 
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to the “unconsciots urge toward ease in speech" ((1), p. 123). Analogic. 
effects Aiken treats as a special case of this unconscious urge. 

Another type of explanation has been offered by some writers, notably 
Jespersen, in which these changes are attributed to the fact that as a 
given generation of children learn the language they do not learn it quite 
as did ‘their parente. A number of generations of such slight differences 
will quite materially change the language. While Jespersen is undoubtedly _ 
correct in noting these differences, there is little evidence that they con- 
stitute a complete explanation of analogic change. Wolfle 04) has shown 
that in an experimental situation children are but little more prone 
to analogic changes than are adults: Using an artificial language 
technique (13), a group of children was taught a partially systematic 
language. Any changes introduced into the language by the children 
were carefully recorded. These changes were the same as those previously 
given by a group of айшів (13), and occurred with but slightly greater 
frequency. Even if Jespersen’s observation is correct, it still fails to 
answer the questions of why children do not learn the language as their 
parents speak it and of why these differences are in the uniform direction 
of increased simplicity. 

The major criticism of all these attempted explanations is that they 
merely beg the question. This is а common criticism of purposive ex- 
planations, and applies here as elsewhere. The wholly unfounded assump- 
tion of a peculiar instinct that brings order into linguistic chaos is value- 
less. And little is gained by altering the purposive explanations to put 
them on to a non-instinctive level. As for ‘ease’ theories, they have 
frequently been criticized on the grounds that anything that is familiar 
is easy, and that consequently there is no basis in the relative difficulty 
of different sounds to explain sound change. The German ch is easy for 
8 German, but an Englishman finds it difficult. Russians consider the 
English # & hard sound, but it gives English-speaking people no trouble. 
In short, the only criterion of difficulty is whether or not the sound i8 
familiar. Theories based on the abstract ease of articulation of a given 
sound or sound sequence fail to take this fact into account. 

Instead of explaining analogic change on the basis of a purpose, it 
seems more nearly correct to say thet any analogic change is an example 
of the process of generalization. A form which has been well learned in 
one, or several, situations is generalized to cover other relatively similar 
situations. In learning English a child learns that many nouns form their 
plurals by the addition of s. Numerous actual examples are learned be- 
fore the formal rule is ever encountered. When this plural-forming habit 
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_is well established it continues to function in new sttuations. Thus the 
child may say chocolates without ever having learned or heard that 
specific plural; the plural foots may be similarly formed. Both of these 
examples serve to illustrate the extension of a well-established habit that 
has been built up in countless situations to cover' unfamiliar but similar 
ones. Almost alone among linguists Moore seems to have recognized the 
importance of generalization in analogy. He writes: “It seems correct 
to'say in general terms that when we make an analogy formation an 
established speech habit functions unconsciously in 8 situation which is 
similar to but not identical with situations in which it has functioned 
before” ((8), p. 39). It seems preferable, therefore, to base our explana- 
tion of this phenomenon on the established habit systems of the language 
users rather then on a hypothetical instinct or directing purpose. 


V. CoNOLUSIONS. 


The linguistic processes of sound symbolism, word meaning, and 
analogic change have been examined from the point of view of the 
psychological process of generalization. All three linguistic processes 
have been shown to be examples of this more fundamental psychological 
process. In attempting this demonstration it has been claimed that: 

(1) The widespread use of a given sound in words with a similar size 
reference is more probably to be explained on the basis of the spread or 
generalization of a few words in which such a relation existed, than on - 
thé ground of an innate feeling for sound symbolism. 

(2) The meaning of any word ів'а generalization of all the slightly 
different meanings given to it by the various members of the linguistic 
community, or by the same member at different times. In order to ob- 
jectify the problems involved in an examination of this point, meaning 
has.been defined in terms of the responses given to the word when used 
as а stimulus. Furthermore, the act of learning the meaning of a word is 
one of generalizing a number of varying situations in which the word has 
been encountered. ° 

(3) Analogic change in its several different forms has been cited as 
one of the most obvious exemples of the process of generalization, and 
that explanation has been substituted for purposive and 'ease' theory 
explanations. 

Obviously then a thorough investigation of the psychological cha- 
raeter and conditions of generalization is a matter of раса Bnguistic 
importance. 
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SOME ELEMENTARY TIME EXPERIENCES}, 


By EDGAR RUBIN. 
(From the Psychological Laboratory of the University of Copenhagen.) 


THERE are many ways of studying the individual in all his different sides 
or aspects. One of these approaches is the behaviouristic—another, and 
perhaps a more fundamental one, is the introspective or descriptive. It 
is as a sort of old-fashioned Introspectionist I am going to speak. 

William James has given us a famous instance of descriptive psy- 
chology in his chapter on “the stream of thought.” Regarding this 
“stream of thought” I shall try, on the basis of a great number of ex- 
periments, to make clear some points pertaining to our elementary time 
experience, and I shall confront them with our ordinary notions of time. 

It is commonly held that a real event takes time, perhaps a very short 
time—a hundredth part of a second or less, but strictly instantaneous it 
cannot be. 

If we have a sound stimulus in the outer physical world which has a 
duration—say of one second—we may say about our immediate sound 
experience, which is conditioned by this stimulus, that it has a dura- 
tion—we experience duration. We are also able to say, which is a different 
thing, that we experience a beginning and an end to this sound. If we 
now make the stimulus very short the sound in immediate experience 
alters its time character profoundly. If we keep strictly to immediate 
experience and do not confound it with the sound stimulus, we no longer 
can differentiate between a definite beginning and an experienced end. 
It may be doubtful whether there.is still just a trace of experienced dura- 
tion or not. If, however, we make our experiment with a constant noise 
as a background, this doubt disappears. It is now perfectly sure that the 
sound experienced is both without experienced beginning or end and also 
without any experienced duration whatever. From a descriptive point 
of view it has strictly the character of instantaneousness?, 


1 A paper read at the opening meeting of the Tenth International Congress of 
Psychology at Copenhagen, August 1932. 

2 Durup and Fessard have, in Année psychologique for 1930, studied this matter ex- 
perimentally for visual and auditory stimuli. There is a certain analogy between these 
sounds without duration and the experienced visual lines and points without experienced 
breadth and extension respectively, studied in my “Visuell wahrgenommene Figuren," r, 
(Kbh. 1921, Gyldendalske Boghandel, pp. 193 ff.). 
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Benussi has, in Chap. т of his Psychologie der Zeitauffassung (Heidel- 
berg, 1913), described an allied experience: if two sounds follow one 
another, we experience as a rule one sound before the other, with an 
interval between them. But if the two stimuli succeed one another with 
, an interval of less than one-fifth of a second, the subject will experience 
two succeeding sounds, but he neither experiences any interval nor pause 
between them. | | 

Let us now suppose that we have а sucoession of, say, three very short 
sound stimuli with very short intervals between them, and let us con- 
gider what would correspond to this in the "stream of thought." The 
three experienced sounds have no experienced duration, and between 
them there is no duration in the form of experienced intervals or pauses, 
nevertheless the whole has duration and there is experienced duration 
between sound No. 1 and sound No. 3. This seemingly paradoxical con- 
nection between experienced duration and elements without experienced 
duration is quite different from the connection between instant and dura- 
tion in our ordinary notion of time. 

Most psychologists know the classical complication experiment by 
Wundt: An indicator passes over the divisions of a dial. When it passes 
a certain division unknown to the subject a sound is produced. The sub- 
ject is to decide with the help of hisimmediate experience at which division 
the sound occurred. His decision is generally erroneous. According to 
his immediate experience the sound coincides with quite а different 
position of the indicator from that which coincides with the sound 
stimulus in the physical world. Wundt was interested in investigating 
the laws and determining factors, for these errors. We have quite a 
different interest in this experiment, but before expanding this point 
we wish to emphasize & fact, which is important if anybody wants to 
discuss, what is put forward in this paper: The experiment is one among 
many instances, which we cannot mention here, which show that as & 
general rule time relations pertaining to the stimuli in the physical world 
cannot be transferred to the corresponding data of immediate experience 
in the stream of thought. . 

Wundt was interested in the relations between immediate experience 
and the stimulus situation; this is a psychophysical problem. Our in- 
terest is in immediate experience as such, and with regard to immediate 
experience there is a seemingly small and unimportant fact, which we 
have as yet not mentioned. In making the Wundt complication experi- 


ment, the subject has often some difficulty which is, however, soon over- ' 


come and forgotten. From his general notion of time, the subject knows, 
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or thinks he knows, that the sound must coincide with one position of the 
indicator; his immediate experiences are, however, quite different. He 
does not experience a coincidence between the: sound and one single 
position of the indicator, but rather a coincidence between the sound and 
8 somewhat broad, vaguely limited sector of the course of the indicator. 
The immediate experience is of such a nature that the subject is rather 
undetermined if he has to decide as to whether the sound is contemporary 
with the entire passage of the indicator through the whole sector or with 
an indefinite position of the indicator within the sector. We will call this 
peculiar experienced coincidence, where something which lasts a very 
short period coincides with something which takes a much longer time, 
the broad indefinite coincidence, by the way of giving it a name. This 
broad indefinite coincidence is an ordinary, very common experience. 
There is nothing peculiar about it in that way, and it is only when as 
introspective psychologists we try to get hold of it and describe it, that 
we detect the difference between this time relation and our general notion 
of time relations. 

The subject who experiences the broad indefinite coincidence between 
the position of the indicator and sound, has also the experience that in- 
dicator and sound have nothing to do with each other. This ‘irrelation’ 
seems to be a condition for experiencing the broad indefinite coincidence. 
Conversely, when a sharp coincidence occurs in the stream of thought, 
it seems to have among its conditions an experienced relation between 


‘the two events. Personally, when I work with the complication experi- 
' ence, and desire a sharp coincidence, I find I succeed if I make myself 


some way believe that the indicator itself makes the sound in striking one 
of the divisions of the dial. ` 

There are always a number of more or less seemingly independent 
eventa in the stream of thought, the mutual time relations of which are 
of the broad indefinite kind. The broad overlapping, experienced simul- 
taneity between these different parts of the entire stream of thought is 
of the greatest importance for the experienced continuity of the whole 
stream of thought. 

If two metronomes are made to strike, the one about 200, and the 
other about 210 times in a minute, the subject will as а rule have an 
experience of two different series of sounds, where each sound of the one 
series coincides in the broad indefinite way with some sounds of the other 
series. But in во far'as the subject succeeds in experiencing the whole as 


| only one series, then the time. relations are sharp and definite. This 


characteristic difference regarding the coincidence (and related time 
J. of Psych. xxiv. 4 aN. 29 
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relations) between the experiencing of one or of two series has a certain 
bearing on the problem concerning the unity or the plurality of the 
contents of conscience. 

Now comes my final point, where, although the differences are very 
important, what I have to say may seem to have some affinity with 
thoughts expressed by William James, W. Stern, Bergson, and Husserl. 
It is a fundamental and in reality a very complicated part of our general 
notion of time that there always is one absolute instant, which only for 
one instant has a peculiar charaoter of being the present moment, dividing 
past and future time. Of two eventa or parts of an event which are not 
simultaneous only one can belong to the present moment. Let us suppose 
that we have two very short sound stimuli in the outer physical world, 
succeeding one another. If the first sound stimulus is present, the second 
one belongs to the future—the very near future—and when the second is 
present, the first belongs to the past—the very near past. If one of them 
is present, the other must be past or future. If we try to describe the 
immediate experience which two such sound stimuli condition, there is 
no difficulty when the interval between the stimuli is rather long—say 
one second. We experience a succession of two sounds. When the first is 
present the second belongs to the expected future. When the second is 
experienced as present, the first has the character of something past. But 
when the interval is very short, a fifth of 8 second for instance, we cannot 
describe our immediate experience without ridding ourselves of the 
ordinary notion of time which I have just mentioned. We experience 8 
succession of two sounds—the one sound preceding the other, and the 
whole experience has duration. That is all right. The difficulties arise 
with regard to the character of future, past and present, especially the 
latter. Quite contrary to our general notion of time, the experience does 
not occur that one of the sounds is present and that the other belongs 
either to the just expected future or to the immediate past. Either both of 
them are past or both of them are future or both of them have the cha- 
racter of being present, although they are experienced as a succession. 

This applies also to 8 rather short continuous noise whose stimulus 
belongs to the same order of time, although the noise is experienced as 
having duration and as having a beginning and an end. The whole noise 
has the character of being present. The same seems to apply generally 
to all sufficient small parte of the stream of thoughts and it probably is 
a fundamental characteristic of, mental life. 

The different discrepancies between our general notion of time and 
our immediate time experiences may perhaps be overcome through a 
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distinction between appearance and reality regarding our immediate 
time experience, But I fear that such a distinction may itself involve us 
in great difficulties. 

Another way out is to alter our general notion of time in accordance 
with these data of our immediate time experience which had not been taken 
account of when this notion was formed. It is also possible to use both ways, 
introducing the distinction between appearance and reality to overcome 
some of the discrepancies and altering our general notion of time to over- 
come others. But one thing we must remember: it is nowhere proved that 
there is a way out and that we have not to leave the discrepancies as they 
are. 

These theoretical questions are problems for the future, and it may 
be that it is not profitable to work with them before we get more facts. 
I think one ought to be cautious—more cautious than is often the case 
regarding theories. г 

In this connection а story about Herbert Spencer occurs to me, which 
also may serve as a sort of excuse for the ‘small facta’ which I have 
brought here. In an after-dinner speech he mentioned that he had 
once written a tragedy, after which Huxley arose and said he knew 
the theme of the tragedy, which was that of a big theory being killed by 
a tiny little fact. 


(Manuscript received September 16, 1933.) 
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PUBLICATIONS RECENTLY RECEIVED. 


A Hundred Years of Psychology. By J. C. Fuuant. London: Duckworth and 
Co. 1933. Pp. 384. 15s. net. 


Prof. Flugel begins his Preface by remarking unneceasarily: "Such а book as this 
is almost inevitably bad." During bs last three or four years four histories of psy- 
chology have appeared in the English language. Only one of these is bad, and that 
certainly is not this one. Naturally any instruoted er who studies this volume will 
wish that some movements had been treated more fully and some less, and will not 
agree with all of the critical remarks, whether favourable or unfavourable. The book 
cannot seriously challenge comparison with the work of Gardner Murphy or more 
especially with Boring's History; but it does not pretend to do so. Both for the general 
reader &nd for the student not far from the beginning of his work, Prof. Flugel has 
produced a most stimulating and excellent treatise. He has written it in a conoise and 
attractive manner, with references to original works, with wide sympathy and 
with more than adequate knowledge. Considering how brief the expositions of the 
various points of view and detailed investigations are, the acouracy of this volume is 
astonishingly great. This history is in fact a fine achievement, with which the author 
has every reason to feel far greater satisfaction than is indicated in his opening re- 
marks, and from which it is to be hoped large numbers of readers will obtain both 
stimulus &nd pleasure. 


The Foundations of Psychology. By J. S. Moore and HERBERT Оісвмни. 
Princeton University Press. (London: Humphrey Milford.) 1933. Рр. xix 
+287. 14s. 6d. net. 


This book was first published in 1921 and was appreciatively reviewed in this 


. Journal at that time. The need for a general theoretical survey of foundations is cer- 


tainly not Jess now than it was then, and consequently the second and revised edition 
should be welcomed. The main changes are “a thorough revision of the sections on 
Behaviourism...; the addition of sections on the Gestalt chol or Configura- 
tionism, and on the Purposive Psychology of Prof. McDougall.” The bibliography has 
also been revised. The new work has been done by Prof. Gurnee. In general the ex- 
osition is both clear and sound, and the criticisms are probably as fair as they could 
Б without being greatly extended. The bibliography is almost entirely American. 


Tratado de Psicologia. Por W. RaDEoKI. Buenos Aires: J. Peuser. 1933. Pp. 428. 

This general text-book follows traditional lines, dealing first with cognitive pro- 
cesses from sensing to the thinking processes, then with affective reactions, and last 
with conative procésses. Two er sections deal with Social chology and with 
Industrial Psychology. An appendix discusses the place of psychology in the general 
scheme of the sciences. 


Psycho-Analysis and its Derivatives. By H. Criceton Muer. London: 
Thornton Butterworth, Ltd. The Home University Library. 1983. 
Pp. 256. 28. 6d. net. 


Chapter r of this book consists of 110 pages of exposition of psycho-analysis. 
Chapter п devotes 26 pagos to criticisms of psycho-analysis. Chapter пт studies 
“analytical psychology” (Jung) in 42 pages. These two systems are then contrasted in 
18 pages. А ijs dealt with next, his assigned span being 28 pages. Chapter vr 
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briefly adunibrates the views of Hans Prinzhorn in.12 pages. A final very brief 
р compares all four and sums up: “If we attempt to appraise the relative merits 
of these systems of psychology we may safely begin by saying that Freud’s is the most 
intricate, Jung’s the most profound, Adler's the most practical and’ Prinzhorn’s the 
broadest.” Obviously and rightly Dr Crichton Miller has chosen to be the expositor 
rather than the critic in this book. His exposition is lively, very olear, pathetic 
and about as correct as it could be made within limits as small as these. The volume 
is in fact a most excellent piece of work and ought to be widely read. A very good 
selection of books for additional reading is given. Ав а general introduction this book 
should hold the field for a long time. jo ^ 


The New Psychology and Religious Experience. By T. H. Huemzs. London: 
George Allen and Unwin, Ltd. 1933. Pp. 332. 10s. 6d. net. 


Dr Hughes writes with so obvious a sincerity and honesty of purpose, and is во 
anxious to be scrupulously fair to the authorities with whom he disagrees, that his 
book can hardly fail to produce & marked and favourable effect even upon those 
readers who are unable to accept his point of view. His general purpose is to establish 
the reality and the vital importance of Religious Experience, and to show that any 
naturalistic account of it must be fallacious. Broadly, what he means by ‘New’ 
psychology ig a dynamio rather than a static approach, but specifically he is mainly 
concerned to refute some of the views about religion which have been expressed by the 
psyoho-a&nalyste or by leaders of derived doctrines. His arguments are often lacking 
in subtlety, ав, for example, when he says that because Freud is a thoroughgoing de- 
terminist he can find no place in his psychology for consciousness of sin. But yet 
again, as in what he says about the differences between religious experiences and 
certain analogous states produced by drugs, and in some parta of an extremely inter- 
cnp кешип of conversion, Dr hes shows himself to be alive to differences that 
are o overlooked. The book is in fact worth ing. It is a product of long and 
careful study and thought. It is the expreasion of profound and genuine conviction. 
Though its value as argument differs considerably from part to part, as а whole it is 
a sincere effort to build upon the facts of religious experience as they are actually felt, 
and to show where in relation to them the most prominent of m psychologista 
stand. 7 ` 


The Organism of the Mind. Ву G. Ricaanp Нкүнв. London: Kegan Paul, 
Trench, Trubner and Co., Ltd. 1933 Рр. xiii-- 271. 


This is a translation, admirably executed by E. and C. Paul, of the author’s Der 
Organismus der Seele, ene Einfuhrung in die Analytische Seelenheilkunde. The book is 
an elaboration of lectures and still retains to a considerable.degree the informality of 
the spoken word. There are two parta, the first dealing with organ neuroses and the 
second with psycho-therapeutio methods. ~ 

In the first part the author is largely concerned to show that mental and bodily 
states do not merely run on el lines, or act reciprocally one upon another, but 
are literally two phenomenal forms of one and the same ‘life.’ гы} argues, in a most 
persuasive and attractive manner, giving numerous illustrations from his own practice 
and from a very wide range of literature. 

In the second. part, after two chapters of introduction on “The Attraction of the 
Unconscious,” Dr Heyer considers both sympathetically and critically the views and 
methods of Freud and Adler. He then proceeds to an exposition of the doctrines and 
practice of Jung whioh, difficult as it inevitably is, is very much clearer and more 
precise than anything that Jung himself has achieved. . 

An appendix contains & number of excellently reproduced drawings made by 
various patiente, together with expository remarks thereon. i 

The book makes extremely good reading. It has wit, wide learning, and many 
flashes of insight. Whether ite mystical interpretation of life is accepted or not, it 
succeeds in building up an impressive argument. . я 
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How the Mind Works. By CYR Burt, Евмевт JONES, EMANUEL MILLER and 
"WinLiAM Mooprz. London: George Allen and Unwin, Ltd. 1933. Pp. 336. 
78. 6d. net. 


Here are presented a series of broadcast ‘talks’ distributed as follows: How the 
Mind Works in the Adult : The Conscious Mind, by Cyril Burt; The Unconscious Mind, 
by Ponet Jones; How the Mind Works $n the Child : Problema in the Development of the 

hild, by Emanuel Miller; Problems in the Treaiment of the Child, by William Moodie; 
How the Mind Works in Society, by Cyril Burt. The volume will no doubt get, as it 
deserves, a wide and appreciative public. The different contributions are o viously 
presented very much as they were spoken, and here and there they are somewhat the 
monologues of a conversational schoolmaster who wishes to be very friendly but 
cannot altogether lay aside a certain superiority of attitude. Nevertheless, there is 
nothing that lacks interest, and though perhaps the psychologist who has already read 
and thought about the problems disoussed will not find much new material, he will 
get both pleasure and instruction from the easy and clear exposition. Probably most 
readers linger longest and with most satisfaction over Prof. Burt’s discussions of 
the way in which the mind works in society. These are genuine social psychology and 
ought to stimulate many lines of further enquiry. 


2 


Hypnotism—the Friend of Man. Ву J. Lours Orton. London: Thorson’s. 
1933. Pp. 280. 5s. net. 


On the whole this is a good book. It svoids undue prolixity, it makes less 
extravagant claims for hypnotiam than often are made, it gives some information of 
a historical order, and it describes working techniques of hypnotic procedure simply 
and clearly. Even во, à good many claims that it might be difficult to make good are 
advanced. The author is opposed to the exaggerations of phrenology but is himself 
attached to views concerning brain localization that run beyond available evidence. 
Also he tends to take symptoms that may be, simply as end results, indicative either 
of functional or of organio disturbance, and to urge that since these may sometimes 
be removed by hypnotic treatment, the treatment is adequate in many instances 
of organic disease. Further, as nearly always in this kind af book there is no proper 
insistence on the distinction between the remqval of symptoms and ‘the production 


of genuine cures. The sections on sight and do not show any close acquaintance 
with the physiology and psychology of the ial senses. But if the book is read with 
due caution it will be found that within ite short compass it gives information that 


will interest nearly everybody and be of considerable use to some. 


Psycho-Analysts To-day: Its Бере and Function. Edited by 8anpor LoBAND. 
` London: George Allen and Unwin, Ltd. 1933. Рр. ху +370. 188. net. 
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A ус s and Literature, by F. Wittols; Psycho-Analysis and Criminology, by 
. Se . E ‘ 

From whatever point of view one approaches problems of human activity these 
essays form an impressive array of claims and achievements. 


Mirror Writing. By Maoponatp Овітонінү. London: Kegan Paul, Trench, 
Trubner and Co., Ltd. Psyche Miniatures Medical Series. 1928. Pp. 80. 
2s. 6d. net. i 
This essay contains a useful historical and oritical account of mirror writing and 
related phenomena, together with a fair amount of olinioal illustration. 


The Structure of Insanity: A Study in Phylopathology. By Твталыт BURROW. 
London: Kegan Paul, Trench, Trubner and Co., Ltd. Psyche Miniatures 
General Series. 1932. Pp. 80. 28. 6d. net. 


It is anything but easy to indicate briefly the argument of this book. The author’s 
own concluding statement is: “То mental disease, whether it is represented in sensory 
repression, or in motor aggfeesion, whether in the manifestation of clinical insanity or 
of social crime, whether in political strife or in industrial disturbances, there is need 
to abrogate mental and social images as therapeutic agencies for these disorders, and, 
laying aside opinions and ideas, to recognize the existence of morphological data re- 
presented in those physiological tensions and strains directly involved in the distortion 
of man’s attention as & social process.” This perhaps means that there are two sorts of 
‘attention,’ the one kind directed upon whatever lies outside the bodily organism and 
the other upon whatever goes on inside the organism. To use the first kind of attention 
for the second class of phenomena can give no real insight. This appears to be somehow 
connected with a social determination of images and language. The exposition is 
however far from clear. 


La Santé Physique et Morale par P Autosuggestion . Consotente. Par ARMAND 
Lxn&uN. Paris: Félix Alcan. 1933. Pp. 119. 


M. Lebrun ів в, disciple of M. Coué. In this book he gives a brief but very enthusi- 
astio account of Coué’s work and of the theoretical notions which he considers to be 
involved in the dootrine of conscious autosuggestion. Many cases are reported. 


Der Seelische Konflikt. Von SrzPHAN Krauss. Stuttgart: Ferdinand Enke. 
` 1933. 8. vii--126. RM. 8.80. 


This is an essay of some value on the general theoretical side of psychology and 
considerably influenced by the work of Heidegger and Dilthey. The most detailed 
empirical part of the argument deals with conflict as it ap in the life and work 
of St Augustine, of Amiel and of the Danish philosopher Ki The character 
and significance of conflict are considered. both in relation to the individual mental life 
and in various social settings. Conflict is regarded as both involving and expressing 
a degree of integration, and normally it has a positive and constructive function. 


The Psychology of Effective Speaking. Ву T. H. Рклв. London: Kegan Paul, 
с А Ау. and Co., Ltd. 1933. Pp. xiii--232. 68. net. 


. Prof. Pear, reacting from his attendance at the last International Congress of 
Psychology, has concluded that very many public speakers perform their task most 
inadequately and ineffectually. He does not, however, despair of public speaking, 
either as a form of entertainment or as & means of im; ing information, but en- 
deavours to lay down lines for its improvement. Unfortunately he does not distinguish 
ufficiently clearly between the three different aspects of the subject: (1) purely 
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auditory effects produced by the pitch and intensity of the speaker’s voice, and varia- 
tions thereof; (2) the manner of verbal expression; (3) the matter which is expressed. 
Prof. Pear ably intends his book to deal with the first two of these aspects, 
since a speaker deficient on the third count can only be advised to think again, or to 
stop speaking. Some useful advice is given with to the first two factors, but 
the book would be improved if this were more detailed and concrete, and tricked out 
with fewer irrelevancies. A plea that the speaking of English should: be taught in the 
schools deserves attention, however. 


А 


Speech Disorders: А Psychological Study of the Various Defects of Speech. Ву 
Saman M. Втічонететр. London: Kegan Paul, Trench, Trubner and 
Co., Ltd. International Library of Psychology, etc. 1933. Pp. xii+ 341. 
15s. net. 


Although thisis not a partioularly well-written book, it contains an immenseamount 
of information about recent researches into speech disorders. It is not, as many people 
might imagine, a text-book on aphasia. In fact aphasia in the technical sense occupies 
yery little space in the volume. By far the most valuable concerns the character, 
causation and treatment of speech defeota in ohildhood. spite of a rather exagger- 
ated bent towards classifications and excessive technicalities, the author's account of 
early speech difficulties will be found of great value, in that it collects into a small 
compass the results of & mass of scattered work. The second part of the book deals 


with Statistical Studies of the Speech of 3000 College Women and of Public School Groups. ` 


These studies are based upon questionnaire results collected in America, and are inter- 
esting, though nothing very fundamental is claimed or attained. Other special topics 
dealt with are Handedness and Oral and Silent Reading. 


Insanity as a Defence in Criminal Law.. By H. Wetmorzn. New York: The 
Commonwealth Fund. (London: Humphrey Milford.) 1933. Pp. xi + 524. 


First the book'disousses teste of irresponsibility, indicating the rules followed by 
courts at one timé or another, and stating the exact number of jurisdictions supporting 
each rule discussed. The same pep of exposition, citing numbers of jurisdic- 
tions, is adopted as regards each major problem discussed: burden of proof; witnesses 
and their testimony; pleading and ure; and present insanity at the time of 
criminal procedure. The author sets himself “to find and read all the American cases 
on the subject that have been reported, as well as the leading and representative 
English cases.” The book is thus weighted with a tremendous mass of material, but 
nevertheless the author has continued to keep his argument well in hand, and to 
present a clear picture of the present state of affairs. A final and rather radical chapter 
on suggested fundamental reforms brings this distinctly valuable book to an end. 


Have You Good Taste? By МАваАвкт Н. Borrgy. London: Methuen and Co. 
1933. Pp. vii+52. 3s. 6d. net. i 


'This extremely attraotive small book deals with “the training of taste in 

to the lesser arte." The arte considered are: woodwork, metal work, ceramics, glása, 
textiles and printed papers. First comes a well written and clear essay by Miss Bulley, 
wherein the response to ‘harmony’ is treated as the key to good taste. Then come а 
series of finely reproduced photographs of characteristic objecta in the arta concerned, 
which the reader is invited to as ‘good’ or ‘bad.’ Critical notes follow for the 
guidance of any reader who has conducted the experiment, and two appendices, one 
entitled Train your Taste, and the other, by Prof. Cyril Burt, entitled A Test in 
Aesthetics, conclude an unusually delightful and useful volume. Í 
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-Modern Educational Psychology. Ву В. N. Jua. Allahabad: The Indian Press, 
Ltd. 1933. Pp. xv--448. 6s. net... 5: 

This is a clear and interesting, text-book, leasantly produced. It is as ac- 

curate as anybody could reasonably expeot within the limite o ite space, and though 


` it cannot claim-much originality either in outlook or in method of treatment it is un- 


deniably well informed, and could be used with success as an introduction to larger or 
more specialized works. The author deals first with general questions of definition and 
method, then with heredity and environment, and with the more active overt forms 
and determinants of conduot. Ноел next, іп the regular order, саа and 
регоеріоп, attention, memory and association, i ination, thinking and reasoning. 

inal chapters deal with learning and habite, intelligence testing and adolescence. 
Throughout, the significance of the problems involved from the point of view of 
education in the school sense is kept well to the fore. This is undoubtedly a useful 
introductory text-book of psychology for the average teacher. 


Le Jugement Moral chez P Enfant. Par Juan PraGET, Paris: Félix Alcan. 1992. 
Pp. xi+428. 60 fr. А 


Prof. Piaget here carries his fruitful conversational method into the sphere of the 
basis of for and understanding of regulative rules of conduct. He starts by 
studying rulesin play, and proceeds to a consideration of the attitudes of children to 
rules imposed by older people, taking for particular discussion attitudes towards lying. 
Next comes careful treatment of the development of the notion of justice, and of the 
practice of social co-operation. Finally, there is an exposition and criticism of the 
views of other writers, in particular those of Durkheim, Bovet and Baldwin, and & 
statement of Piaget’s own conclusions. In Piaget, as in all his other discus- 
sions of the developing activities of the child, starts from the position that the young 
child is excessively ego-centric. At this stage all social rules have an aspeot of 
compulsion. In some respects or in some cases this stage may never be 
Normally, however, developing intelligence and sentiments lead: to the notion and 
practice of justice and social to-operation. Moral rules now lose a great deal of their 
external constraint, and become Даа into the personality, the latter being in the 
process very largely socialized. Both for its realistio methods and for the clear and 
precise manner in which the argument is developed, this book is a notable contribution 
to its topic. ў ` i ` СС 


Handbook of Child Psychology. Edited by Савт, Мовонтвом. Worcester, U.8.A.: 
Clark University Press. (London: Humphrey Milford.) 1933. Pp. xii 
+956. 248. 6d. net. 


The second edition of this ‘handbook’ (a strong hand is required to hold it, and 
& strong mind to take it all in) contains several new contributions beaides most of the 
original ones in 8 revised form. The entirely new material is as follows: Origin and 
Prenatal Growth of Behaviour, by L. Carmichael; The Neonate, by K. C. Pratt; Matura- 
tion and the Patterning of Behaviour, by A. Gesell; Locomotor and Visual- Manual 
Functions in the First Two Years, by M. M Bhir ; The Measurement of Mental Growth, 
by F. L. Goodenough; Sex Differences, by B. L. Wellman; Speech Pathology, by L. E. 
Travis; The Physiological Appetites, by W. E. Blatz; The Ohild with оини of 
Adjustment, by P. Blanchard; The A Child, by L. 8. Hollingworth. whole 
bears witness to the extraordinary vigour, with Which research into the activities of 
young children is now being carried out, particularly in America. The bandbook de- 
‘mands and should receive a place in every psychological library. It must remain, at 
any rate for a year or two, the standard manual of consultation upon any of the 
topics with which it deals. NUN EE 6: жу 
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La- Mesure de Intelligence chez les Écoliers. Par МАвонт, FovoAULT. Paris: 


Delagrave. 1933. Рр. 136. 15 fr. 


The.author pays an enthusiastio tribute to the pioneer work of Binet and Simon but 
points out that extension is called for. Particularly desirable are methods of measuring 
the intelligence of students above the age of ten years, a way of distinguishing clearly 
between development proper and a s eri and в more precise notion of intelligence. 
The book gives an account of his endeavour to fill up these deficiencies. His Five Tests 
and the general results of their application are given in full, and his discussion is 
throughout concise and clear. The methods themselves do not contain much that is 
original, and it does not seem that the author has a very close acquaintance with 
modern methods of statistics, but his general discussion contains much that is worth 
careful study. His insistence upon training in the way the tests are to be given is a 
good point ОТОО. more often than should be the case. 


La Psychologie Bergsonienne. Par Roamer E. LacowBE. Paris: Félix Alcan. 
1933. Pp. 325. 


Many readers will remember the vogue which Bergson’s works had 
in the ipi sen the war. All these will find this admirable critical study full of 
interest, and even those who cannot remember how pape were swept away by the 
brilliant French philosopher will, if they care to turn over these pages, thoroughly enjoy 
a sympathetic, accurate and penetrating piece of oriticism. . Lacombe considers 
Buccessively Bergson's views about memor perception, duration, freedom and 
creativeneas, and intelligence and intuition. His expositions are concise but just. His 
criticiams, particularly as they are stated m the concluding chapter, are pointed and 
relevant. He pays, as everybody must, a warm tribute to n's originality and 
to his great critical powers. But he is rightly suspicious of a “ ine quy ne veut ёте 
vérifie que par un recours à une expérience intérieure ineffable.” The main criticisms 
are that Bergson regularly over-simplifies the hypotheses which he opposes and then 
tenders them an prey to ridicule; and that carried away by enthusiasm he often 
takes a conclusion that has been arrived at by dialectic aa the direct expression of a 
group of facta. But this book is not destructivemerely. All the time it tries honestly 
to show what is valuable in the views which it criticises, and how this might be 
developed in more fruitful ways than Bergson himself adopted. 


Lehrbuch für den Philosophischen Esnführungsunterricht am österreichischen 
Mittelschulen. Von Josera Krua und Отто Роммев. Erster Teil: 
Psychologie. Wien: Hélder-Pichler-Tempsky. 8. ii+122. М. 2.80. 

This short handbook contains three divisions: Das Seelenleben und seine Erforschung ; 
Das Seelenleben in seinen Hinzeltatfachen; Aus den Sondergebieten der P. ] tf 
will be realized that в very large ground has to be covered in a short and though 
in general the exposition is clear, it is doubtful whether any reader who is not y 
fairly well instructed would gain much from a study of this book. 


Kritik der Sogenannten Praktischen Erkenninis. Von Ars. Ross. Kopenhagen: 
Levin and Munksgaard. 1933. 8. 456. 

This study of morals is mainly devoted to an expository and critical survey of the 
well-known moralists of this country and of Germany and France. The author has 
studied very widely indeed and includes in Шиа qpe 2807 writings which would 
usually be considered of psychological im canoe only. His stand- 
point is philosophical but neither metaph; pal nor tualistio. 


The Structure of our Apprehension of Reality. By C. Lawnzmk. London: 
Williams and Norgate, Ltd. 1933. Pp. 95. 4s. 6d. net. 


soy 


ж 


` 
Л 


E 


P 


a ` бо, 


СОММТТТЕЕ FOR RESEARCH IN EDUCATION. 


The following is a summary of the replies received to the Committee's «$ 


enquiry with regard to research in educational psychology planned and 
in progress during 1933-4. 


BIRMINGHAM. &8arrLEY COLLEGE. 


Ап Enquiry into the Responses of Children aged 11—14 to Verse. 


P wo o 


UNIVERSITY OF BIRMINGHAM. EDUCATION DEPARTMENT. 
Tests of Higher Mental Processes, 
An Enquiry into Testa of Specific Abilities needed for Secondary Sohool Work. 
Some Aspects of the Training of Teachers Abroad. 
Studies in the Psychology of Early Childhood. 
An Experimental Enquiry into the suitability of the Otis Group Tests of In- 
telligence for use with Matriculated Students, 
Preferenoes of Children and Adulte in Poetry and Prose Literature. 
Correlation between Performance in English Composition and Intelligence Teste. 


. Errors in English Composition as revealed in Essays written by High School 


Certificate Candidates and University Post-Graduate Students. 
Sex differences of five-year-old Children in dealing with Spatial Relations. 


. Formal Training: a Historical and Critical Review with a Re-examination in the 


light of Modern Psychology. 


. The Motives of English State Education, considered in relation to the Problems 


of Educational Equality. 


- The Attention Values of certain forms of Publio Bsp 


Problems of Colonial Education. 
The Development of the Appreciation of Art in Children and Adults, 


BRIGHTON. Тнв MuxiarPAL TRAINING COLLEGE. 


. Investigation into Racial Prejudice among Training College Students (in con- 


nection with the Psychological Section of The Training College Association). 
The Psychology of Study as applied to the needs of Training College Students. 


COLOHESTER. ROYAL EASTERN COUNTIES INSTITUTION. 
Mongolian Imbeoility. 
Relationship between Head Size and Intelligence. 
Intelligence of Children of Certified Mentally Defective Parents. 
Study of Simple Primary Aments.! 


CREWE. Omgsurgg Country TRAINING COLLEGA. 


An Enquiry into the Origin and Growth of Sentiments. 
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UNIVERSITY OF EDINBURGH. [DEPARTMENT OF EDUCATION. 


1. Oral Group Tests of Intelligence ‘and Achievement for Wide Age-ranges. 
2. Continued work on the Moray House Group Tests of Intelligence and Achieve- 
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ment for eleven-year-olds. 
(a) Answer patterns. 
(b) Norms. 
(c) Age allowances at different levels. 

Theoretical Research into the Interpretation of Matrices of Correlation Coeffi- 


^. 


cients. 


UNIVERSITY OF GLASGOW. THE PSYCHOLOGY DEPARTMENT. 
Appreciation of Single Colours by Young Children. 
The Existence of a Group Factor in Performance Tests. 
Character Training in School Life. š 
Phenomenal Regression in Childhood. 
The Educational Value of Colour in Pictures. 
Factors in Musical Ability. 
The Nature of the Learning Process in the Post-qualifying Stage. 


. The Use of Performance and of Verbal Tests in the Diagnosis of Mental De- 


ficienoy. ' 
Literary Composition and ita Component Parte. 


. Composition Testing. 

. Poetio Appreciation in Children. 

. Art Judgment—its correlation with G. 

. The Effeot of Training in the Principles af Composition on the Results of the 


Art-judgment Test. 


. Mechanical and Reasoning Abilities in Arithmetic. 

. Dependence of Visual Remembering on Verbalization. 
. Saturation of Form-relations Test with G. 

. Bilingualism. 

. The Process of Geometrical Deduction. 

. Late Qualification for the Post-primary Course. 

. The Construction of a Perceptual Test of Intelligence. 
. The Problem of Children’s Stealing. 

. Manipulative Reactions of Young Children. 


HULL. Tux Mounrorean TRAINING COLLEGE. 


. Part played by Imagery in Learning Poetry by Heart and in Literary Арргебіа- 


tion. 


. Individual Child Study of Normal Children. Special attention to Factors of 


Home and Social Environment. All studies based on personal observation of 
children. A 
Selective Studies of Backward Children. Grading of work with special reference 
to individual capacity. Detailed records. 

Studies in Vocational Preferences of Adolescent Girls. Studies in Children’s 
Interests. 
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. Investigation of “Racial Сёпвоіодапевв іп Children’, САН ава Adulte." 


(Continued and extended; in "певно with the Payohological Section of the 
Training College Association.) "o 


HULL. Тнв TRAINING COLLEGE, BAVERLEY ROAD. 


. The Child's Power of Learning by Visual Imagery. . (Third Series.) KE 
. Colour Preference in Children between the ages of 9 and 11. (Third Series.) 


The Relation of Attention, Interest and Associatipi to the Child's ohoice of 
Methods of Learning. . 


‚ UNIVERSITY OF LEEDS. УЛ, oF ÉDUGATIOR. 
The Vocabulary Burden in the First Year of French. P 
Children's Errors in French Composition at the School Certificate Examination. 
Backwardness in Arithmetic. i 
Plateaus in Motor Learning. ' 
Secondary School Examinations in Physics. 
The Validity of some Non-Verbal Tests of Intelligence. I 
Mathematical Ability with particular reference to School Geometry. Š . 
An Experimental Study of Retentivity. Я | ЖЕ й 
The Conceptual Development of Adolescents. ad 
The Reliability of Entrance Scholarship Examinations into Secondary Schools. эн ue 
The Intelligence of School Children of some Castes in South India. . v 


r. ^ 


UNIVERSITY OF LONDON.. Вврҥовр COLLEGE. 
‘Bome Factors Involved in the Process of Problem Solution with special reference 
to the Concept of Insight. 
Emotional Development in Young Children. ° г » 
Temperamental Differences in Young Children. А .. e o d 
The Róle of Organization in Learning. e ` 
The Influence of Incentives on Learning. i | 


‹ 


LONDON. East LONDON Оншр GUrpANCA CLINIO. ! | E 
Relationship between Social Conditions and Neurosis in Children. 
Relationship of Intelligence and Delinquency. i ° 
Temperamental Difficulties in Relation to Behaviour Disorders. 
The Rorschach Test applied to Children (in oonneotion with Manchester Unis. 
versity). . 


. Causes of Enuresis. Aube 


UNIVERSITY OF LONDON. GornpswrrE's COLLEGE. 


An Investigation into the Causes of Speoifió Baokwardness i in' Composition amongst 


pr 


Elementary School Children. | P. ] 


UNIVERSITY OF LONDON: Ducum oF ÉDUOATION. 
Prognostio Tests of Ability in School Geometry. 


. Prognostic Tests of Language Ability. S T J i { 9 
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3. 


{ 


13. 
14. 
15. 
16. 


An Estimation of the зборів ‘of Evening “Instituto Work on the Social Attitudes 
of Girls. ES 
The Reliability of Tiyamioaatinna for Entrance to Secondary Schools. 


. Prognostic Tests of Ability in Advanced Needlework. 
. Transfer of Training from the Tnoulcation of Scientific Method in the Science 


Classroom. : -— 
The Psyohology of Reasoning and the Mathematical Concept of Order. 
The Psychological Problems of Culture Contacts (South Africa). 


. The Measutement: of the Child's Social Attitudes. j 
"The Logical Baaia of Intelligence Teste. 

. The Testing of Special Aptitudes for certain School Subjects. 

. The Scientific Interests of Non-Science: Pupils of School Leaving Age. 


Tests of Literary Appreciation. 


. The Effect of Speech Training on Oral and Written expresión in the Mother 


Tongue. 


. An Enquiry into the Geometrical apts of Young Children. 
. The Effect of Self-Criticiam on the Pupil's Appreciation of Art. ғ 
. Studies in Teaching Methods: a Comparison between Group and Individual 


Methods in various School Subjecta. 

A Comparative Study of Behaviour Problems in Schools which emphasize either 
Freedom or Discipline. 

The Relation between Interest and Achievement in Learning Modern Languages. 
The Relation of the Child’s Imagery to his Ability in Secondary нош Mathe- 
*rhatios. 

The Child's Ability to remember Common Objects and their Charaoteristios. 
The Development of Certain Character Qualities in Senior School Pupils by De- 
liberate Methods, and the Possibility of Measuring such Development. 

A Study of Literary Appreciation and its Relation to Imagery. 

A Standardization of the Merrill-Palmer Tests for English Children. 


` 


UNIVERSITY OF LONDON. Kine’s COLLEGE. 


The Automatization of Voluntary Movement. 
The Influence of Relations involved in Learning. 
The Influence of Time-intervals on Recall. 

On the Introspective Method. 

The Influence of, Volition on Retentivity. 
Aesthetic Appreciation. 

Blood Distribution during Volitional Activity. 
The Influence of Volition upon Thinking, 

The Causes of Faulty Speech and Writing in Adolescent Boys. 
Suggestibility and Character. 

Perseverance and. Perseveration. 


. The Nature of Incentives and Motives. 


Volitional Attitudes. 

The Influence of Volition and Affection on Ergographic Work. 
Investigation of Constant Errors. 

An Investigation into ‘g, ‘p’ and ‘w’ of Mentally Defective Children. 
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. Some Problems in the Psychology of Aesthetio Appreciation. 
. Psyoho-Galvanio Phenomena during free Association. * 
. Psychological Characteristics of Retarded Children. 

„The Temperamental Characteristics of Retarded Children. 
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: UNIVERSITY OF LONDON.' Uxivangriv COLLEGE. 
Intelligence Tests for Use in Child Guidance Clinios and Mental Hospitals. , 


Non-Verbal Characteristics of Anglo-Chinese кыя 
An Analogies Test with Visual Material. : 
Spatial Perception as a Special Factor. . ta r 


. The Development of Language in the Child. J . '. 
. Teste of Perseveration (p) and their Relation to.Schizophrenia. > i 
. The Relation of Introversion and Extroversion to the Factors of Perseveratión (р), 


Stability (w), and Fluency (f). . М 


. The Influénce of Temperature and Ventilation on Mental Work. - 
. Tho Measurement of Speed and Power by the C.A.V.D. Tests. i 
Perceptual Tests in Visual, Auditory and Tactile Material, with special reference · 


to their Value as Teste of Intelligence. + a 


. Psychological Factors in the Choice and Appreciation of Dress. 

. The Factor Analysis of Perceptual Tests. i 

. The Factorization of Reliability Coefficients. ` 

. The Measurement of Perseveration (p), Stability (w), and uenoy (f), with speoial 


reference to Unresolved Mental Tension. 


. A Btudy of Emotional Display and its Relation to Known Orectio Factors. 
. The Play of a Cretinoid Child. «e 
. Certain Problems in the Psychology of Religion. 


4 
Dextralities of Manual Charaoters. 7 4 


. Suggestibility and its Relation to Social Problems. 
. À Study of the Crying of Infants in Relation to the Feeding Situation. - 
. A Study of the Psychological Factors in Learning Control of the Sphinoters in 


the first three years. 


. А Study of Children’s Drawings in the first віх years. 
. The Relation between the Aggressive and Sexual Instincts as shown in early 


Development. 


. A Study of the Emotions in Infants and Young Children. 
. А Study of Logical Processes in Young Children. 
. The Development of Motor Co-ordination in Children between two and three- 


and-a-half years. 


LONDON. NATIONAL Insrrrurn or INDUSTRIAL PSYCHOLOGY. А 
Standardization of an alternative Version of the Institute's Intelligence Test. ^: 


. Analysis of Qualities and Abilities required for Secretarial Work, Nursing and 


Teaching (continuation). 


. Experiments in Vocational Guidance in Birmingham, Willesden, Fife and Borstal 


(continuing). т 
UNIVERSITY OF MANCHESTER. DEPARTMENT oz Рзүсногосвү. 


. Speaking as an Expression of Personality. 
. Differences between Spoken and Written Style. 


ч 
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3. Art-Forms in Speaking. ' : M es j 
4. -Attempt to produce Synaesthesia experimentally > . š š / 
5, Experiments on “Electrical Taste. A ; їл I 
6. Factors in Auditory Localization.” i i "S А š i 
7. The Development of Tntelligenée. SONE s IE оз m 
8. Introverted Tendencies- in Shy Children. cuc e Ж оосу, 3 
9. The Rorschach Test applied to Children. ^ > s ; 

'10. The Spontaneous Drawings ‘of ' hildren with special reference to Remote Ton- o 

dencies. : La 
11. The Relation Meteor Tütelligenoe and маеты Intelligence. зу OY 
. 12. The Appearance of Colours, NS я E І - : ү 


en 

LN NOTTINGHAM.. Unrvsparry Сона а 

1. The Development of: Language i in Young oe ` Кыз 
9. A Test of the Two Factog-Theory. : be ck ; І 
3. А Survey of the Education of. ‘the County. ЕС Ыр ES E, 


UNIVERSITY OF SÈEFFIELD. 20 x i i | 
1. Analysis of thé Learning. Curve. I | 
2. Development of Moral Values t among Senior School Pupils. js iC ` 
3. The Visual Factor in Methods of Teaching Geography. ` Б ; 
4. The Bearing of Differences in Coloux Бани upon the Problem of Igaming › 
under School Conditions. nod Rare Е 
5., Mental Ability and Correlation Coefficient : | . ' 
` 6. Children’s Vocabularies: — ' . | T 5 
ү a 
SOUTHAMPTON. ‘UNIVERSITY COLLEGE. ; ; sf, = 
1. Concept of Law and Order in Science. | е | 
9. Development of Imagination and Conceptual Powers in Children. г 
UNIVERSITY OF SOUTH WALES. Слврівт. P 


_ 1. Use of Intelligence Tests in Secondary School Admission Examinations (соп- 
tinuation). ? 
2. Psychology of Artistio Creation" with partioular reference to Literature. І 
3. Literary Appreciation. À ` 
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December 9, 1933. Annual General Meeting. `: » д. 
- ` Papers: `' “ть Concept df тойоп іп » Relation tq.thé, Theory of Tem- 

ML ° perarment: m ‚Ву C. А. MAGE, М.А: А 


so, Tuc interrupted Tasks.” By A. В. Флонаты, M.A. ^ - 


hoe ^ DD 


“А Study of "tlie, Gestalt Problems" in Interrupted and ш 


iS 2 . e Je Significance of ‘Fluctuations: of Attention.” By E J. F. i 


n >. 7^ Punrorr, Ш.Б, , к ‘ 
рейн ыр Apparatus for ‘the’ Comparison’ of Payoho-analytio oe 


tions with | Bzycho-galvanic Deflections. By Dr DENNIS ` 


ИР E CARROLL and. J. Matoott.Forsxs, 8.B., М.А. 
і + (a) An Adaptation: of Beashoré's-Audiometer; (b) An Adaptatiori 
2 .. of Marbe's Colour Variator; (c) An Electric Dotting Machine; 
А .. (d) A Phonio. Chronometer. "By J. T. RAPER. 
Verney 14, 1934. Discussion’ on “Tie Denotation of the Term Boos роон ы? 
о оа ш Payohology: i Opened. by Prof. B. Epenrr. . 
E "^ LEOTURESS U 785 5 
January 20, 1034. “Work and the Worker." By Dr MS CULPIN. 
February 23, 1934. “The Psychology of English Composition.” By Dr P. B. 
Е BALLARD. 


о 


; МкртбАт.. 
November 22, 1933. “The Primitive Catatonio Psychosis of Idiocy.” By Dr C. J. C. 
о EARL. 
December 18, 1933. Symposium: “The Psychology of Peace and’ War. z “By Dr 
ero EDWARD GLOVER and Prof. MAGEIOR GTNSBERG;- discussion 
А opened by Dr Jonn Rickman. EZ 
January 24, 1934. Address from the Chair: “On Quaaks and Quackery. 2 By 
Dr Јонм Rickman. 
February 28, 1934. “Non-Sexual Factors in the Evolution of Culpure and Свагыйег” 
: | By Dr Ian D. Surmm. 


`` 


EDUCATION. 
December 4,1933. “Is a “Soienoe of Education’ Possible?” By Mr Е, Б. наш: 
' TON, M.A., B.Sc. 
January 4, 1934. “Роршаг Education and Sooial Responsibility. » By Prof. F. C. 


BARBTLETT. 


February 5, 1934. “Methods of Re Bung Charaoter in Young Delinquents. * 


By Dr H. E. Fæ. ` 
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T ji js p adds 


December 7, 1933. “Onur Predecessors. " By Dr Max Бмттн, . 

January 4, 1934. . Discussion on “Perseveration in Industry.” Opened. by DW, J. 
Ргкавр and-Dr W. STEPHENSON. 

February 15, 1934. “The Worker's Attitude towards Industrial Psychology.” By - 
Mr J. H. Mrramun: 
$C : . AXSTHETIS, 

December 8, 1933. -Sur-Realismi" By Miss V. Burpwoop Evans. 

February 9, 1934. ` Disoussion on “Is Beauty Purely a Human and a Subjeotive 

а Quality?” Opened by Dr С. 8. Myers. 
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